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INTRODUCTION 
The lack of genetic diversity among cultivars of 
commercial crops and the associated problems of genetic 
vulnerability and selection plateaus have caused researchers 
to try to increase the genetic base of future cultivars. The 
emphasis on genetic diversity has been particularly important 
since southern corn leaf blight fHelmintosporium mavdis) 
endangered the U.S. maize (Zea mays L.) crop in 1970 (National 
Academy of Sciences, 1972). 
One commonly used method of increasing genetic 
variability among adapted cultivars is the introgression of 
exotic or wild germplasm. Wild species have been used most 
frequently as sources of pest resistance, although they have 
also provided genes for improved yield in some crops. The 
main reasons for the use of unadapted or wild germplasm in 
introgression programs are: (1) to increase the genetic 
diversity of the crop, as a safeguard against unpredictable 
biological and environmental hazards; (2) as a source of genes 
for specific traits such as disease, pest, and stress 
resistance; and (3) as a source of favorable alleles for yield 
(Albretch and Dudley, 1987). 
Many practical disadvantages exist in introgression of 
genes from wild germplasm. The unadaptability of the 
germplasm frequently causes problems in making crosses and in 
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identifying superior genotypes. One difficulty frequently 
noted is the low initial mean performance of F2 populations 
due to the lack of adaptability of the wild parent, and the 
undesirable genes that it usually possesses. To minimize this 
problem, the use of a population with more than 50% of adapted 
germplasm has been proposed by several authors (Albretch and 
Dudley, 1987; Bailey, 1977; Crossa and Gardner, 1987; Dudley, 
1982) for short-term selection programs, when the mean 
performances of the parents for important characters are 
markedly different. The number of backcrosses required will 
depend in part on the degree of genetic difference between the 
adapted and exotic parents and on the proportion of the 
recurrent parent genotype essential for an acceptable cultivar 
(Tanksley et al., 1981). 
The soybean genus, Glvcine. consists of two subgenera. 
Glycine and Soia. The subgenus Soia includes two species: 
Glvcine max (L.) Merr., the cultivated soybean, and Gj. soi a 
Sieb. & Zucc., an annual species from which the cultivated 
crop was domesticated in eastern Asia (Hymowitz and Newell, 
1981). G^ soia. as many other wild relatives of cultivated 
species, possesses many undesirable traits. G^. soia is a viny 
plant with no main stem, small seeds, shattering pods, lodging 
susceptibility, and colored seed coats. However, because G. 
soi a can be readibly crossed with G^. max (Palmer et al., 
1987), it is a potential source of genetic variability that 
3 
may be useful for the introgression of genes with agricultural 
value into the cultivated species, such as disease, insect, or 
nematode resistance. 
Time is an important consideration in backcrossing genes 
from wild species. Tanksley et al. (1981) proposed the use of 
selection aided by isozyme markers to reduce the number of 
backcross generations needed, thereby, shortening the time 
required for introgression. Marker loci may also be useful to 
enhance the recovery of the cultivated phenotype and decrease 
the number of segregants that must be evaluated in the field 
for economically important traits. 
The use of genetic markers for selection of quantitative 
traits have been a consideration since Sax (1923) reported an 
association between seed size and pigmentation in Phaseolus 
vulgaris L. A number of studies have identified linkage of 
marker genes with genetic factors controlling quantitative 
traits (QTL) (for a review see Thompson and Thoday, 1979). 
The rationale for using genetic markers is based on the fact 
that the marker locus serves to identify the chromosomal 
region in which it is located and enables that region to be 
followed in inheritance or selection experiments. The QTL 
linked to the markers can then be selected for indirectly, 
which reduces the need for costly performance trials necessary 
to evaluate the quantitative traits. 
Genetic markers based on the phenotype of the plant 
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present several problems for utilization in breeding for 
quantitative traits. Most of the genetic marker alleles are 
recessive, and when homozygous impart some morphological 
abnormality to the individual. They are usually rare, so it 
is difficult to obtain a set of markers randomly distributed 
throughout the genome, unless special populations are 
developed. There is also the possibility of confounding the 
effects of the marker genes with the effects of the QTL under 
study, through epistatic and/or pleiotropic effects. 
To make the technique of selecting for QTL with marker 
genes more powerful and easily applicable, it would be 
desirable to have a large number of genes distributed 
throughout the genome with alleles interacting in a codominant 
manner. Each marker locus should produce no effect on the 
morphology of the organism, and should be unequivocally 
identifiable even if a large number of marker loci are 
segregating in the same cross. Many isozyme loci fit these 
criteria, as indicated by Griffin and Palmer (1987a) and 
Tanksley et al. (1982). 
The successful use of isozyme markers for breeding is 
based on the assumption that genes coding for isozymes are 
linked to QTL of interest to plant breeders. Several useful 
associations have been found in crops plants, including tomato 
(Vallejos and Tanksley, 1983; Tanksley et al., 1981 and 
1982; Tanksley and Rick, 1980), maize (Stuber and Moll, 1972; 
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Stuber et al., 1980; and Frei et al., 1986), oat (Marshall and 
Allard, 1970), and barley (Weir et al., 1972). 
The inheritance and linkage relationships of several 
isozyme loci have been described in soybean (Griffin and 
Palmer, 1987a, 1987b, and 1989; Kiang, 1987; Palmer and Kilen, 
1987; Kiang and Gorman, 1983). However, few studies report on 
the association of isozyme loci with QTL in soybean. Graef 
(1988) studied the relationship between eight isozyme loci and 
several quantitative characters in two crosses between Gj. max 
and G.soia. He found that selection for number of isozyme 
loci with the G^. max alleles was effective for recovering the 
phenotype of the cultivated parent for plant height, lodging, 
plant type, and vining. 
The association of isozyme genotypes with seed yield and 
seed composition have not been evaluated in crosses between G. 
max and Gg_ soia. The objectives of my study were (1) to 
examine the relationship between performance of soybean lines 
for quantitative traits and the number of homozygous isozyme 
alleles from G^. soia that they possess, in backcross 
populations originating from interspecific crosses between G. 
max and G^ soia. and (2) to determine if individual marker 
loci are linked to specific quantitative traits. 
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LITERATURE REVIEW 
A considerable amount of work has been devoted to 
introgression of exotic or wild germplasm in commercial 
crops. In reviews made by Harlan (1976) and Hawkes (1977), 
examples of introgression in several crops are reported. 
Harlan described successful introgression programs in crops 
for a number of traits, including disease and pest 
resistance, adaptation, seed quality, and yield. 
One problem frequently observed in introgression 
programs is the low initial mean performance of populations 
with 50% of wild or exotic germplasm. Several authors 
addressed this problem (Albretch and Dudley, 1987; Bailey, 
1977; Dudley, 1982; Bridges and Gardner, 1987; Crossa and 
Gardner, 1987). They agreed in their conclusions that, for 
complex traits like yield, the optimum generation to use for 
selection is a function of the genetic diversity of the 
parents. The more diverse the parents, the more useful is 
one or more generations of backcrossing to the favorable 
parent. 
Time is an important consideration in backcrossing genes 
from wild species. Tanksley et al. (1981) proposed the use 
of selection aided by isozyme markers to reduce the number of 
backcross generations required for introgression programs. 
Selection based on genotypes at marker loci may increase 
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the efficiency of plant improvement (Graef, 1988). Since Sax 
(1923) reported an association between seed size and 
pigmentation in Phaseolus vulgaris L, a number of reports 
have shown linkage of marker genes with QTL (for a review see 
Thompson and Thoday, 1979). Examples of the use of marker 
alleles to locate and/or select for quantitative traits are 
given by. Law (1966 and 1967) and Everson and Schaller (1955). 
Law (1966) used the technique of inter-varietal 
substitution to locate two factors controlling time of ear 
emergence in wheat. Using the same technique. Law (1967) 
observed significant associations between the characters, 
height, grain weight, grain number, and tiller number with 
four genetic markers located in chromosome 7B of Chinese 
Spring. Everson and Schaller (1955) studied an association 
between semi-smooth awns and high yield in barley. They 
observed an increase in yield from 14 to 32% associated with 
semi-smooth awns in early plantings of barley. 
Isozyme loci have several characteristics that make them 
ideal markers for the analysis of quantitative traits. They 
have codominant gene expression, have no epistatic 
interaction among them, and have no effects on the morphology 
of the plants. It is possible to have a large number of 
isozyme markers distributed throughout the genome, making 
more powerful the technique of analyzing quantitative traits 
with marker loci (Griffin and Palmer, 1987a; Tanksley et al., 
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1982) . 
The successful use of isozyme markers for breeding is 
based on the assumption that genes coding for isozymes are 
linked to QTL of interest to plant breeders. Several useful 
associations have been found in crop plants. Rick and Fobes 
(1974) found a tight linkage between the APS locus for acid 
phosphatase and the Ml locus that confers resistance to 
nematodes in tomato. This permitted a more efficient 
evaluation of nematode resistance by electrophoresis of plant 
material at an early stage of plant development rather than 
by exposing the plants to the parasite. 
Stuber and Moll (1972) evaluated the allelic frequency 
at four isozyme loci in nine cycles of recurrent selection 
for. yield in a synthetic variety of maize. They found a rate 
of fixation for the dominant alleles of three peroxidase 
isozyme loci that was too great to be attributed to genetic 
drift. They also observed an increase in the frequency of 
the fast acid phosphatase allele up to cycle 6, which they 
interpreted as linkage of the allele with factors associated 
with high yield, stuber et al. (1980) also observed that 
changes in the frequency of alleles at eight isozyme loci 
were associated with changes due to selection for improved 
grain yield in four maize selection experiments. 
Stuber et al. (1982) selected solely for seven isozyme 
loci in an unselected population of maize, and obtained a 
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yield increase equivalent to Ih cycles of full-sib family 
selection. In a similar experiment, Frei et al. (1986) 
selected for seven isozyme loci in a population of maize 
generated from a composite of elite inbred lines. They 
obtained increases in yield similar to those attained with 
phenotypic selection in the same population. 
Tanksley et al. (1982), in an interspecific backcross of 
tomato, used naturally occurring isozyme variation to detect 
and map genes controlling quantitative traits. They detected 
at least five QTL associated with the isozyme loci for each 
of the traits studied. 
Vallejos and Tanskley (1983) detected three QTL 
responsible for growth at low temperatures associated with 
isozyme loci in an interspecific backcross between L. 
esculentum and Jti. hirsutum. Two of the QTL enhanced the 
growth at low temperatures, and the third reduced it. 
Kahler and Wehrhahn (1986) identified associations 
between eight isozyme loci and eleven quantitative traits in 
an F2 population of maize. Their results showed that each 
isozyme locus was associated with at least one quantitative 
trait, and that all quantitative traits were associated with 
genotypes at particular isozyme loci. Significant 
associations also were found between the level of 
heterozygosity per individual and nine of the quantitative 
traits evaluated. 
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Edwards et al. (1987) used 20 segregating isozyme loci 
in two F2 populations of corn to locate and study QTL for a 
number of characters. The choice of the F2 generation was 
made to maximize linkage disequilibrium in the population, 
making more effective the identification and location of 
specific chromosomal segments associated with the 
quantitative traits measured. The marker loci were 
distributed on eight of the ten chromosomes of corn, covering 
about 40 to 45% of the genome. Only main effects of the 
marker loci and digenic epistatic interactions were examined. 
They found significant associations between the isozyme 
markers and each of the 82 traits evaluated in each 
population. The isozyme loci accounted for 27 to 40% of the 
variation for some of the traits, including plant height, ear 
height and days to flowering, and for 30% and 14% of the 
variation for grain weight in both populations. 
Edwards et al. (1987) estimated a wide range of apparent 
types of gene action for individual regions of the genome 
affecting many quantitative traits. Additive effects were 
present, but dominant and overdominant effects were 
predominant for many traits. Epistasis did not seem to be 
important in determining the expressions of the traits. 
Stuber et al. (1987) continued with the analysis of the 
data obtained by Edwards et al. (1987). They reported on the 
factors influencing yield and its component traits. They 
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observed that factors associated with grain yield and yield-
related traits were distributed throughout the genome, and 
reported associations observed in chromosomes 2, 3, and 8. 
The genus Glycine consists of two subgenera. Glycine and 
Soia (Hymowitz and Newell, 1981). The subgenus Soia includes 
the cultivated soybean, Glycine max (L.) Merr. and its wild 
progenitor G^. soi a Sieb. and Zucc. Gj. soi a is a potential 
source of genetic variability that may be useful for the 
introgression of genes with agricultural value into the 
cultivated species, such as disease, insect, or nematode 
resistance. 
Several studies report on the inheritance of 
quantitative traits in crosses between G^ max and G^ soia. 
Williams (1948), cited by Weber (1950) and Palmer et al. 
(1987), made crosses between G^. max and G^. soi a and observed 
considerable transgressive segregation for maturity in the Fg 
generation. 
Weber (1950) reported on a cross between G^. max 
(Dunfield) and G^. soi a (PI 65549) to investigate the 
inheritance of agronomic traits. He found that vining of the 
wild species was dominant, and that there was considerable 
heterosis for plant height and maturity. The first backcross 
to the cultivated species resembled the recurrent parent 
considerably more than the F2> The second backcross gave a 
population with the general appearance of the cultivated 
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species. 
Palmer et al. (1987) made a number of crosses between G. 
max cultivars from the United States and soia accessions 
from China and the Soviet Union to search for chromosome 
interchanges. They found that 81% of the accessions from 
China and 83% of the accessions from the Soviet Union had 
chromosome interchanges, as evidenced by 50% pollen and ovule 
fertility in plants. Pollen and ovule semisterility were 
also reported by Williams (1948) (cited by Weber, 1950 and 
Palmer et al., 1987) and Weber (1950). PI 326581 was among 
the accessions from Soviet Union studied by Palmer et al. 
(1987) that had normal chromosome structure and little female 
or male sterility. PI 342618A had 50% female and male 
sterility, which is characteristic of chromosome 
interchanges. Crosses between the 6^ soia accessions of 
different origin resulted in and F2 plants with fertile 
pollen. The authors concluded that the G^. soi a accessions 
had the same chromosome interchange in 82% of the germplasm 
sampled. 
Ertl and Fehr (1985) developed two populations from 
crosses between two G^. max cultivars and two Gj. soi a 
accessions. The objectives were to determine the number of 
backcrosses necessary to recover lines similar to the 
recurrent parent for agronomic traits, and the feasibility of 
increa-sing yield potential of G^ max by the introgression of 
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G. soia germplasn. Five backcross generations were created 
without selection for any traits. BCj,F2 plants were selected 
for agronomic traits, and evaluated as BCjjF2.3 lines. The 
results showed an increase in yield from the BC^ through BC^ 
generations, but no segregates were superior in yield to the 
recurrent parent. They reported that at least two 
backcrosses were necessary to recover lines similar to the 
recurrent parent, which meant that no more than 12.5% of G. 
soia germplasm could be tolerated in cultivars. 
The same populations studied by Ertl and Fehr (1985) 
were used by Carpenter and Fehr (1986) to evaluate the 
genetic variability for agronomic traits in the different 
backcross generations. The BC2 and BC3 generations exhibited 
maximum heritabilities and genetic variances for most of the 
traits evaluated. They found transgressive segregates for 
taller height and later maturity in both crosses, and for 
lodging resistance in one of them. By the BC3, a relatively 
high percentage of the lines did not exhibit vining, and 
about 22% of the lines in both crosses had agronomic scores 
equal to the G^. max parent. They concluded that "The 
transfer of a quantitative character from Gj. soi a may be a 
problem because of the difficulty of recovering a high 
frequency of the desired genes after multiple backcross 
generations". 
Studies of soybean isozymes developed slowly relative to 
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the progress in other crops. Larsen (cited by Kiang and 
Gorman, 1983) was the first to examine electrophoretically 
seed proteins of soybean cultivars. Kiang and Gorman (1983) 
and Palmer and Kilen (1987) reviewed the research in soybean 
isozymes, listing the isozymes described and their mode of 
inheritance. Cardy and Beversdorf (1984) described the 
techniques for detecting several isozymes on starch gel 
electrophoresis. 
Several studies reported on the linkage of isozyme loci 
with other traits in soybean. Hildebrand et al. (1980) 
reported that the acid phosphatase locus (^p) was linked to 
the Kunitz-trypsin inhibitor locus (Ti), and assigned it to 
Linkage Group 9 of soybean. Rennie et al. (1987) were not 
succesful in obtaining linkage of loci for resistance to 
Phvtophthora meaasperma (Drechs.) with several isozyme loci. 
Griffin and Palmer (1987a) investigated the mode of 
inheritance of four aconitase bands and one endopeptidase 
band, and tested for linkage between these and several other 
loci. They reported that the five isozyme loci exhibited 
codominant expression of allozymes and monogenic inheritance. 
They found that the locus Aco3 was located in linkage group 
1. All other isozyme variants tested were shown to be 
independently inherited. 
Rennie et al. (1988) tested the linkage of the Fan locus 
that controls the proportion of linolenic acid in C1640 with 
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five isozyme loci. C1640 is a line with a reduced level of 
linolenic acid obtained by treatment of seeds of the variety 
Century with ethyl methane sulfonate. The authors found that 
the Fan locus segregated independently of the Dial. Enp. 
Idhl. and Pcrml loci, but was linked to the Idh2 locus with a 
recombination frequency of 28.2 ± 2.7%. 
There is only one report on the association of isozyme 
loci to quantitative traits in soybean. Graef (1988) reported 
on the relationship between eight isozyme loci and several 
quantitative characters in two interspecific populations of 
soybean. He found that individual marker loci were 
associated with each of the quantitative traits examined, and 
that the effects of the marker loci on the traits were due to 
linkage rather than to pleiotropic effects. The associations 
with particular marker-locus genotypes, however, were 
specific for each of the populations studied. When Graef 
(1988) considered number of marker loci, he found 
associations with plant height, lodging, plant type and 
vining in both populations. He concluded that "Selection for 
number of recurrent parent alleles in an introgression 
program would facilitate the recovery of the recurrent parent 
phenotype". 
Graef (1988) evaluated the traits maturity, lodging, 
height, vining, and plant type in soybean. He reviewed the 
type of inheritance of these traits in interspecific crosses 
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of soybean. They were all inherited quantitatively, with 
different types of gene action involved. No studies in 
soybean evaluate the association of isozyme loci with seed 
yield, protein and oil percentage, and fatty acid composition 
(percentage of palmitic, stearic, oleic, linoleic, and 
linolenic acids). 
Burton (1985) reviewed the efforts to improve protein 
quantity and quality in soybean. Protein percentage is 
considered a quantitatively inherited trait, with a high 
heritability. He reported an average heritability of 0.83 
for protein percent in crosses between adapted and exotic 
germplasm of soybean. 
Wilcox (1985) reviewed the efforts to improve oil 
quantity and quality in soybean cultivars. He described oil 
percentage as a quantitatively inherited trait with a 
moderately high heritability (from 0.51 to 0.84). He also 
cited reports showing that oil percentage is controlled 
primarily by additive genetic effects. The inheritance of 
fatty acids in soybean crosses between nonmutant parents also 
has been quantitative, as indicated by the report of Burton 
(1985). 
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MATERIALS AND METHODS 
Two backcross populations originating from interspecific 
crosses between max and fij. soi a were chosen for this study 
because of their isozyme segregation. 
Cross 1: (A80-244036)2 X PI 326581 
Cross 2; (A81-157007)2 % PI 342618A 
The two Pis belong to Maturity Group II and were 
introduced from the U.S.S.R. The lines A80-244036 of Maturity 
Group II and A81-157007 of Maturity Group I are high yielding 
experimental lines developed by the soybean breeding project 
at Iowa State University. 
The parents of Cross 1 differed at six isozyme loci: 
aconitase [aconitate hydratase, (EC) 4.2.1.3, locus Aco21. 
isocitrate dehydrogenase (EC 1.1.1.42, locus Idh2), acid 
phosphatase (EC 3.1.3.2, locus ^ ), phosphoglucomutases 
(EC 2.7.5.1, loci Pcrml and Pgmg.), and phosphoglucose isomerase 
(EC 5.3.1.9, locus Pgi). The parents of Cross 2 differed at 
eight of the isozyme loci tested: aconitases (loci ACQ2 and 
Aco4). isocitrate dehydrogenase (locus Idhl). diaphorase (EC 
1.6.4.3, locus Dial). acid phosphatase (locus Ap). 
phosphoglucomutases (loci Paml and Pgm2), and malate 
dehydrogenase (MDH). 
For both crosses, 10 BC^Fi-derived lines that had the 
greatest number of heterozygous isozyme loci were inbred by 
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single-seed descent to the generation to increase the 
frequency of homozygous isozyme loci. The generation advance 
was conducted at the Iowa State University-University of 
Puerto Rico Soybean Breeding Nursery at Isabela, Puerto Rico 
during November 1985 to May 1986. From each BCgF^-derived 
line, five BCgF^ plants with different numbers of marker loci 
homozygous for G&. soi a alleles were desired. 
The expected frequencies of loci homozygous for Gj;. soi a 
alleles in the BC2F4 generation were calculated to determine 
the number of seeds and plants that should be grown each 
generation assuming 70% germination in Puerto Rico (Tables l 
and 2). For a single locus with two alleles, if the BCjF^ is 
heterozygous, the frequency of each of the two homozygous 
classes in the F^ generation will be 7/16. The multilocus 
genotype frequencies can be determined by expansion of the 
multinomial (p + g + h)^, where p = q = 7/16 is the 
probability of a locus that is homozygous for max alleles 
(P) or Gj. soi a alleles (q) in the BCgF^ generation, and h = 
2/16 is the probability of a locus heterozygous in the BCgF^ 
generation. It is evident that for any number of heterozygous 
isozyme loci in the BC2F2 generation, the extreme classes of 
homozygous isozyme loci in the BC2F4 generation were the most 
difficult to obtain. Calculations of the number of seeds and 
plants necessary for each generation were based on the 
frequency of these extreme classes. For example, a BCgF^ 
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Table 1. Frequency of plants homozygous for G^. soi a 
alleles at different numbers of loci in the 
BC2F4 generation 
Number of 
heterozygous 
BCgFi loci 
No. of homozygous loci in BCgF** 
0 1 2 3 4 5 6 
0 1.000 
1 0.438 0.438 
2 0.191 0.383 0.191 
3 0.084 0.251 0.251 0.084 
4 0.037 0.146 0.220 0.146 0.037 
5 0.016 0.080 0.160 0.160 0.080 0.016 
6 0.007 0.042 0.105 0.140 0.105 0.042 0.007 
%umber of isozyme marker loci that were homozygous 
for alleles from G^. soi a. 
Table 2. Number of plants required for each 
generation of inbreeding by single-seed 
descent to be 99% certain of recovering 
5 BC2F4 plants in each locus class 
Cross PÎINÈ 
Number of 
heterozygous 
BC2F1 loci BC2F2 BC2F3 BC2F4 
1 1 5 536 376 268 
to
 
W
 
4 364 255 182 
4, 5, 6 3 178 125 89 
0
 
H
 1 2 86 61 43 
2 IF 2 6 1478 1035 739 
3 5 536 376 268 
1 H
 
0
 
4 364 255 182 
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plant from Cross 2 had six heterozygous isozyme loci. The 
probability of recovering a BC2F4 plant that had zero isozyme 
alleles from Gj. soi a was less than 1/64 (Table 1). This was 
equal to the probability of obtaining a BC2F4 plant from the 
same BC2F2-derived line that was homozygous for Gj. soi a 
alleles at all six isozyme loci. To be 99% certain (p = 0.99) 
of obtaining five BCgF^ plants (r = 5) that were homozygous at 
all six loci (q = 1/64), 739 plants were required (Sedcole, 
1977). Similar calculations were made for each of the locus 
classes. 
A total of 3,974 BC2F4-derived lines were grown in Iowa 
during 1986. Remnant BC2F5 seeds of each line were used for 
isozyme analysis. Four seeds from every BC2F4 plant were used 
to determine their isozyme genotypes. To decrease the number 
of isozyme assays, a sample from one cotyledon from each of 
the four seeds was placed in a single tube and treated as a 
sample for electrophoresis. This procedure allowed 
identification of heterozygous BC2F4 plants, even with only 
one heterozygous seed and three homozygous seed for a given 
isozyme locus. 
BC2F4-derived lines were selected for homozygosity of 
either the G^. soi a or the max alleles at each locus. The 
selected lines were grouped in locus classes according to the 
number of loci homozygous for G^ soia alleles that they 
possessed. Although the number of isozyme loci segregating 
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was six for Cross 1 and eight for Cross 2, the greatest number 
of loci segregating simultaneously that was found in a single 
BC2Fi-derived line was 5, for both crosses. Locus classes, 
therefore, ranged from zero to five for both crosses. The 0-
locus class represented lines that had retained no 6^ soia 
alleles at any of the marker loci. The 1-, 2-, 3-, 4-, and 5-
locus classes consisted of lines that were homozygous for G. 
SOTa alleles at that number of isozyme loci. 
Within each locus class, different isozyme genotypes were 
included. For example, six different isozyme genotypes were 
present in the 1-locus class for Cross 1, and eight in the 1-
locus class for Cross 2. As many multilocus combinations as 
possible were represented in the 2-, 3-, 4-, and 5-locus 
classes. Each individual isozyme genotype was represented by 
five random lines, obtained from as many BC2Fi-derived 
families as possible. 
A total of 180 BC2F4.g lines representing 36 different 
isozyme genotypes for Cross 1, and 300 BCgF^.g lines 
representing 60 different isozyme genotypes for Cross 2 were 
used in this study. For the field experiment, the lines were 
divided into five sets, each set consisting of one line from 
each of the isozyme genotypes selected, plus the parents and 
check cultivars. The entries included in each set are listed 
in Table 3 for Cross 1 and in Table 4 for Cross 2. Tables 3 
and 4 also show the locus class to which the entries belong. 
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Table 3. Entries included in each of five sets of Cross 1 
Entry Locus Entry Locus 
No. Class® Genotype^ No. Class Genotype 
1 — PI 326581 21 2 14 
2 - A80-244036 22 2 16 
3 0 0 23 2 26 
4 0 0 24 2 34 
5 0 0 25 2 35 
6 0 0 26 2 36 
7 0 0 27 2 45 
8 0 0 28 2 46 
9 0 0 29 2 56 
10 0 0 30 3 126 
11 0 0 31 3 134 
12 0 0 32 3 135 
13 1 1 33 3 136 
14 1 2 34 3 346 
15 1 3 35 3 356 
16 1 4 36 4 1346 
17 1 5 37 4 1356 
-18 1 6 38 5 13456 
19 2 12 39 - Check 
20 2 13 40 — Check 
^The locus class represents the number of loci homozygous 
for the Gs. SOT a allele that the line possesses. 
= none of the isozyme loci have G^. soi a alleles, 1 = 
homozygous for the Aco2 allele, 2 = homozygous for the Idh2 
allele, 3 = homozygous for the ^  allele, 4 = homozygous for 
the Poml allele, 5 = homozygous for the Pcnn2 allele, and 6 = 
homozygous for the Pai allele. 
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Table 4. Entries included in each of five sets of Cross 2 
Entry Locus Entry Locus 
No. class® Genotype^ No. class Genotype 
1 — PI 342618A 36 3 167 
2 - A81-157007 37 3 234 
3 0 0 38 3 236 
4 0 0 39 3 245 
5 0 0 40 3 246 
6 1 1 41 3 247 
7 1 2 42 3 248 
8 1 3 43 3 256 
9 1 4 44 3 257 
10 1 5 45 3 258 
11 1 6 46 3 268 
12 1 7 47 3 346 
13 1 8 48 3 347 
14 2 13 49 3 367 
15 2 14 50 3 457 
16 2 16 51 3 467 
17 2 17 52 4 2456 
18 2 24 53 4 2457 
19 2 25 54 4 2458 
20 2 26 55 4 2568 
21 2 27 56 4 3467 
22 2 28 57 4 1367 
23 2 34 58 4 1467 
24 2 36 59 4 2368 
25 2 37 60 4 2468 
26 2 45 61 5 13467 
27 2 46 62 5 23468 
28 2 47 63 - Check 
29 2 57 64 - Check 
30 2 67 65 - Check 
31 3 123 66 - Check 
32 3 134 67 - Check 
33 3 136 68 - Check 
34 3 137 69 - Check 
35 3 146 70 — Check 
^The locus class represents the number of loci homozygous 
for the Ga. SOT a allele that the line possesses. "0 = 
none of the isozyme loci has Gj. soi a alleles, 1 = homozygous 
for the Aco2 allele, 2 = homozygous for the Aco4 allele, 3 = 
homozygous for the Idhl allele, 4 = homozygous for the Dial 
allele, 5 = homozygous for the An allele, 6 = homozygous for 
the Paml allele, 7 = homozygous for the Pam2 allele, and 8 = 
homozygous for the MDH allele. 
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The entries were grown at two environments in Iowa during 
the summer of 1987. Environments were two locations (Ames and 
Burkey farm) of the Iowa State University Agronomy Research 
Center near Ames. A randomized complete-block design with two 
replications at each environment was used. Sets were nested 
within replications. Plots were two rows 4.5 m long, with 69 
cm between rows within a plot and 1 m between plots to 
minimize intergenotypic competition. The planting rate was 27 
seeds/m. Plots were trimmed to 3 m before harvest. 
Environment 1 was planted 19 May and environment 2 on 21 May. 
Data for the following traits were recorded on each plot: 
Date of maturity (MAT); recorded as the number of days 
after 31 August when 95% of the pods in a plot had reached 
their mature color. 
Lodging score (LD6): a visual rating to the nearest 0.1 
based on a 1 to 5 scale, with 1 representing all plants erect 
and 5 all plants prostrate. 
Plant height (HT): measured as the length (cm) of the 
main stem, or longest branch if there was no main stem, from 
the soil surface to the stem tip. The value for HT was 
recorded as the average of three random plants in a plot. 
Vining score (VIN); a visual rating of the growth habit 
of a plant measured on a 1 to 5 scale with 1 representing 
plant types with an upright main stem and no vining side 
branches and 5 representing plants with no main stem that are 
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procumbent. 
Plant type (PLT): the agronomic desirability of a line 
based on a 1 to 5 scale with 1 representing the Gg, max parent 
and 5 representing the Gg, soi a parent. 
Seed yield (YLD): the weight (kg/ha) of the seed 
harvested from a plot and artificially dried for 2 days at 
40'C. 
Seed composition: protein percentage (PROT) and oil 
percentage (OIL). Measured on a 5 to 7 g seed sample with a 
Pacific-Scientific NIR grain analyzer and expressed on a 
moisture-free basis. Analyses were made by the Analytical 
Chemistry Support Unit of the Northern Regional Research 
Center of U.S.D.A. at Peoria, Illinois. 
Fatty acid composition: percentage of palmitic acid 
(PALM), stearic acid (STE), oleic acid (OLE), linoleic acid 
(LEN), and linolenic acid (LIC). Measured by gas-liquid 
chromatography, of a 5-seed sample, using the methodology 
described by Lundeen et al. (1987). Analyses were made on 
seed from one replication of each location. 
Late-maturing lines frquently yield more than early 
maturing lines. To minimize the association between seed yield 
and maturity, the seed yield of each plot was adjusted for 
maturity, with the following model: 
^ijkm ~ ^^^iikm''^li%(^^iikm''^^ik) ^ 
where: 
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*ijkm = adjusted seed yield of the mth pi^t of the 
set in the replication of the i^^ location; 
i = location number, from 1 to 2; 
j = replication number, from 1 to 2; 
k = set number, from 1 to 5; 
m = plot number, from 1 to 40 for Cross 1, and from 1 to 
70 for Cross 2; 
YLDijkm = observed seed yield of the m^^ plot of the k^^ 
set in the replication of the i^^ location; 
MATijjçm = date of maturity of the m^^ plot of the k^^ set 
in the replication of the i^^ location; 
MAT^j^ = mean maturity date of the k^^ set at the i^h 
location; 
- b^^^ = the linear regression coefficient of YLD on MAT 
for the k^^ set at the i^^ location; ^^d 
b2^^ = the quadratic regression coefficient of YLD on MAT 
for the k^^ set at the i^^ location. 
An analysis of variance was performed with data from the 
parents and checks of each cross to test the significance of 
the differences between sets for the traits measured. The 
analysis was made according to the following model: 
Yijkl = M + Ai + Rij + Sjç + + (SG)%1 + (AS)i% + 
(AG)ij^ + (ASG)i%i + eijki 
where: 
= observed value of the 1^^ genotype in the k^^ 
set in the replication of the i^^ location; 
M = overall mean; 
i = location number, from 1 to 2; 
j = replication number, from 1 to 2; 
k = set number, from 1 to 5; 
1 = genotype number, from 1 to 4 for Cross 1 and from l 
to 10 for Cross 2; 
Aj^ = effect of the i^^ location; 
R^j = effect of the replication in the i^^ location; 
Sjç = effect of the set; 
= effect of the 1^^ genotype; 
(SG)ki = effect of the interaction of the k^^ set with 
the 1^*^ genotype; 
(AS)i% = effect of the interaction of the i^^ location 
with the k^^ set; 
( A G ) =  e f f e c t  o f  t h e  i n t e r a c t i o n  o f  t h e  i ^ ^  l o c a t i o n  
with the 1^^ genotype; 
(ASG) = effect of the interaction of the i^^ location 
with the k^^ set and the 1^^ genotype; and 
e^jki = effect of the error associated with the ijkl^h 
observation. 
For this analysis of variance, the effects of environments, 
replications within environments, and sets were considered 
random and the effects of genotypes were considered fixed. 
The significance of differences between sets was tested with 
an F value calculated as the mean square of sets divided by 
the mean square of the interaction location x sets, according 
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to the expected mean squares listed in Table 5. 
The results of the analysis are shown in Tables 6 and 7. 
Only one out of 26 comparisons (13 traits x 2 crosses) showed 
significant differences among sets at the 0.05% level of 
probability. This difference could have been obtained due to 
Type I error. Because of the lack of significant differences 
among sets, data for the lines were analyzed without adjust­
ment for the sets to which the lines belonged. 
Data from the BC2F4.g lines were analyzed at individual 
environments according to the following model: 
^ijkl = M + Ri + Cj + Ijjç + Ljjçi + (RC)ij + (Rl)ijk 
+ (RL)ijjçi 
where: 
- ^ijki = observed value of the 1^^ line with the 
isozyme genotype in the locus class in the i^h 
replication; 
M = overall mean; 
i = replication number, from 1 to 2; 
j = locus-class number, from 0 to 5; 
k = isozyme genotype number, from 0 to 11 for Cross 1 
and from 0 to 21 for Cross 2; 
1 = line number, from 1 to 5; 
= effect of the i^^ replication; 
Cj = effect of the locus class; 
Ij% = effect of the k^^ isozyme genotype in the locus 
class; 
Table 5. Analysis of variance for parents and checks 
Sources of variation 
Degrees 
of freedom Expectations of mean squares 
Locations (L) (1-1) 
Replications/L (R/L) l(r-l) 
Sets (S) (s-1) (^e + rga^ + rlga| 
Genotypes (G) (g-1) + ^ ''ISG + rso^ + rlalg + rls[G2/(g-l)] 
S X G (s-1)(g-1) ^e + + rlegg 
L  X s  (1-1)(s-1) + rga^ 
L X G (1-1)(g-1) + rsa^ 
L  X s  X G (1-1)(s-1)(g-1) + ra^G 
Error l(r-l)(sg-1) 
-1 
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Table 6. Analysis of variance of the data from parents and 
checks of Cross 1 
TRAIT MEAN C.V.% 
M.S. 
ERROR 
M.S. 
SET 
M.S. 
LOC*SET 
pa 
SET P 
MAT 22.9 6.6 2.3 4.7 2.9 1.6 >0.25 
LDG 3.1 10.4 0.1 0.4 0.3 1.1 >0.25 
HT 120.5 4.3 26.5 217.6 193.8 1.1 >0.25 
VIN 2.0 11.5 0.1 0.0 0.1 0.5 >0.50 
PLT° 
YLD 3077 11.0 108224 288598 106494 2.7 >0.10 
PROT 40.5 1.8 0.5 0.5 0.4 1.3 >0.25 
OIL 17.8 3.7 0.4 0.2 0.4 0.5 >0.50 
PALM 10.1 2.4 0.1 0.0 0.1 0.3 >0.50 
STE 3.8 4.4 0.0 0.1 0.0 1.4 >0.25 
OL 17.9 4.6 0.7 0.8 1.2 0.7 >0.50 
LEN 56.4 1.8 1.0 1.6 0.5 3.4 >0.10 
Lie 11.7 6.8 0.6 0.6 0.2 2.6 >0.10 
^Calculated as M.S. SET/M.S. LOC*SET. 
"No variability was present for PLT in Cross 1. 
Table 7. Analysis of variance of the data from parents and 
checks of Cross 2 
M.S. M.S. M.S. pa 
TRAIT MEAN C.V.% ERROR SET LOC*SET SET P 
MAT 21.9 7.6 2.7 3.3 5.7 0.6 >0.50 
LDG 2.5 13.0 0.1 0.1 0.3 0.4 >0.50 
HT 119.1 5.8 47.0 54.9 27.0 2.0 >0.25 
VIN 1.6 15.0 0.1 0.0 0.0 1.1 >0.25 
PLT 1.6 17.7 0.1 0.0 0.0 0.8 >0.50 
YLD 3590 10.9 144299 757570 360747 2.2 >0.10 
PROT 39.5 2.0 0.6 0.6 1.0 0.6 >0.50 
OIL 19.3 2.7 0.3 0.8 0.8 1.0 >0.50 
PALM 10.4 1.9 0.0 0.0 0.1 0.7 >0.50 
STE 4.0 3.9 0.0 0.1 0.0 2.5 >0.10 
OL 21.1 5.0 1.1 1.2 2.3 0.5 >0.50 
LEN 55.2 1.6 0.7 1.9 2.2 0.8 >0.50 
Lie 9.3 5.3 0.3 1.3 0.2 7.8 <0.05 
^Calculated as M.S. SETS/M.S. LOC*SETS. 
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^kl ~ effect of the 1th iine with the isozyme 
genotype in the locus class; 
(RC)£j = effect of the interaction of the i^^ replication 
with the locus class; 
(RI) = effect of the interaction of the i^h 
replication with the isozyme genotype in the j^h 
locus class. 
(RL)ij%i = effect of the interaction of the i^h 
replication with the 1^^ line with the k^^ isozyme 
genotype in the locus class. 
In the analysis for each environment, the effects of 
locus classes and isozyme genotypes within locus classes were 
considered fixed, and the effects of replications and lines 
within isozyme genotypes within locus classes were considered 
random. The sum of squares for locus classes was subdivided 
into linear and quadratic components for the regression of the 
traits on locus classes. The mean squares due to isozyme 
genotypes within locus class, lines within isozyme genotypes 
within locus class, and their interactions with replications 
were subdivided into six components corresponding to the six 
locus classes 0, 1, 2, 3, 4, and 5. 
The significance of the locus class effects were tested 
with the mean squares for the interaction between replications 
and locus class. The significance of the isozyme genotypes 
within locus class effects was tested with an approximate F 
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ratio where 
F'p g = (Ml + M5)/(M2 + M4); 
Ml = mean squares of isozyme genotypes within locus 
class; 
M2 = mean squares of lines within isozyme genotypes 
within locus class; 
M4 = mean squares of the interaction of replications with 
isozyme genotypes within locus class; and 
M5 = mean squares of the interaction of replications with 
lines within isozyme genotypes within locus class. 
The appropriate degrees of freedom for the F' statistic 
were calculated as follows (Gill, 1978): 
P = (Ml + M5)2/[(MlVfi) + (MsZ/fg)] 
. - q = (M2 + M4)2/[(M22/f2) + (MaZ/f*)] 
where f2, and fg are the degrees of freedom for the 
corresponding mean squares (Table 8). The significance of the 
effects of lines within isozyme genotypes within locus class 
was tested with the mean squares of the interaction of 
replications with lines within isozyme genotypes within locus 
class. 
Data for the BC2F4-derived lines were analyzed over 
environments according to the following model: 
^ijklm ~ M + + ^im (AC) 
+ (AI) ikl (A^^iklm "** (^^) ijk (^^^ijkl 
+ (RL) ijkim 
Table 8. Analysis of variance of BC2F4.g lines for 
individual environments 
Degrees Mean 
Sources of variation of freedom squares 
Replications (R) (r-1) 
Entries (V) (v-1) 
Locus Classes (C) (c-1) 
Isozymes/Locus (I/C) c(i-l) Ml 
I/C=0 (io-1) 
I/C=l (il-1) 
I/C=2 (iz-l) 
I/C=3 (is-l) 
I/C=4 (±4-1) 
I/C=5 (±5-1) 
Lines/Isozymes/Locus (L/I/C) ci(l-l) M2 
L/I/C=0 io(l-l) 
L/I/C=l il(l-l) 
L/I/C=2 i2(l-l) 
L/I/C=3 i3(l-l) 
L/I/C=4 i4(l-l) 
L/I/C=5 is(1-1) 
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Expected mean squares 
al + va| 
ag + ra^ 
ila|c + c2/(c-l) 
°^RL/I/C + lOpj/C + ^(^L/I/C + rl(I/C)2/[c(i-l)] 
*B&/I/C=0 + L0*B3/C=0 + F*L/I/C=0 + RLQ(I/C=0)^/(LQ-I 
*RL/I/C=1 + ll*RI/C=l + r*L/I/C=l + rli(I/C=l)2/(ii-l 
*RL/I/C=2 + l2°RI/C=2 + r*L/I/C=2 + ^ ^2 ( VC=2) V (12"! 
^RL/I/C=3 "*• ^3^RI/C=3 + Z*L/I/C=3 + ^^^3 ( VC=3) V (13-1 
*R&/I/C=4 + l4*RJ/C=4 + ^^L/I/C=4 + 1*14(1/0=4)2/(14-1 
'^RL/I/C=5 + L5*RI/C=5 + F*L/I/C=5 + RL5(I/C=5)^/(I5"L 
^RL/I/C + ^®L/I/C 
*RL/I/C=0 + F*L/I/C=0 
2 
*RL/I/C=1 + R*I/I/C=L 
*RL/I/C=2 + R*L/I/C=2 
2 
*RL/I/C=3 + R*L/I/C=3 
*RL/I/C=4 + R*L/I/C=4 
*RL/I/C=5 + __2 F*L/I/C=5 
Table 8. Continued 
Degrees Mean 
Sources of variation of freedom squares 
Error (R x V) (r-1)(v-1) 
R X C (r-1)(c-1) M3 
R X I/C c(r-l)(i-1) M4 
R X I/C=0 (r-1)(ig-l) 
R X I/C=l (r-1)(ii-1) 
R X I/C=2 (r-1)(ig-l) 
R X I/C=3 (r-1)(ig-l) 
R X I/C=4 (r-1)(ia-l) 
R X I/C=5 (r-1)(ig-l) 
R X L/I/C ci(r-l)(1-1) M5 
R X L/I/C=0 io(r-l) do-l) 
R X L/I/C=l i l ( r - l ) ( l i - l )  
R X L/I/C=2 i2(r-l)(l2-l) 
R X L/I/C=3 i 3(r-l)( I 3-I) 
R X L/I/C=4 i4<r-l)( I 4-I) 
R X L/I/C=5 is(r- 1 ) ( I 5-I) 
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Expected mean squares 
('RL/I/C + 1*RI/C 
*RI/I/C=0 + 1 /T2 10*RI/C=0 
*RL/I/C=1 + lo*RI/C=l 
*RL/I/C=2 + lo*RI/C=2 
*RL/I/C=3 + lo*RI/C=3 
*RL/I/C=4 + lo*RI/C=4 
*RL/I/C=5 + lo*RI/C=5 
*RL/I/C 
*RL/I/C=0 
*RL/I/C=1 
*RL/I/C=2 
*RL/I/C=3 
°il,/l/C=A 
*RL/I/C=5 
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where: 
^ijklm ~ observed value of the line with the 1^^ 
isozyme genotype of the locus class in the j^h 
replication of the i^^ environment; 
H = overall mean; 
i = environment number, from 1 to 2; 
j = replication number, from 1 to 2; 
k - locus-class number, from 0 to 5; 
1 = isozyme-genotype number; from l to 11 for Cross 1 and 
from 1 to 21 for Cross 2; 
m = line number, from 1 to 5; 
^i = effect of the i^^ environment; 
R^j = effect of the replication in the i^^ 
environment; 
C]ç = effect of the k^^ locus class; 
= effect of the 1^^ isozyme genotype in the k^^ locus 
class; 
Ljç^m ~ effect of the m^^ line with the 1^^ isozyme 
genotype of the k^^ locus class; 
(AC)ik = effect of the interaction of the i^^ environment 
with the k^^ locus class; 
= effect of the interaction of the i^^ 
environment with the 1^^ isozyme genotype of the k^h 
locus class; 
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(AL)ixim " effect of the interaction of the ith 
environment with the m^^ line of the 1^^ isozyme 
genotype in the locus class; 
(RC)^jjç = effect of the interaction of the j^h 
replication of the i^^ environment with the 
locus class; 
= effect of the interaction of the 
replication of the i^^ environment with the 1^^ 
isozyme genotype of the locus class; 
(RL)£j]ç2in = effect of the interaction of the 
replication of the i^^ environment with the m^^ line 
of the 1^^ isozyme genotype in the k^^ locus class. 
The effects of environments, replications within 
env-ironments, and lines within isozyme genotypes within locus 
class were considered random. The effects of locus classes 
and of isozyme genotypes within locus class were considered 
fixed._ 
When the mean squares for locus classes were significant 
in at least one of the populations, the corresponding sum of 
squares were partitioned into components for linear and 
quadratic regression of the traits on the locus classes. The 
sum of squares of isozyme genotypes within locus class, lines 
within isozyme genotypes within locus class, and their 
interactions with environments and replications were each 
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subdivided into components within locus classes 0, 1, 2 ,  3 ,  4 ,  
and 5. 
The mean squares for locus classes was tested with the 
mean squares for the interaction of environments with locus 
classes. The significance of the effects of isozyme genotypes 
within locus classes was evaluated with an approximate F test 
where: 
F'p^q = (Ml + M5)/(M2 + M4); 
Ml = mean squares for isozyme genotypes within locus 
class; 
M2 = mean squares for lines within isozyme genotype 
within locus class; 
M4 = mean squares for the interaction of environments 
with isozyme genotypes within locus class; and 
M5 = mean squares for the interaction of environments 
with lines within isozyme genotype within locus 
class. 
Degrees of freedom for the F' statistic were obtained as 
follows (Gill, 1978); 
p = (Ml + M5)2/[(Ml2/fi) + (MsZ/fg)] 
q = (M2 + M4)2/[(M22/f2) + (MwZ/f*)] 
Where f^, f2, f^, and fg are the degrees of freedom for the 
corresponding mean squares. The mean squares for lines within 
isozyme genotype within locus class were tested against their 
interaction with environments (M2/M5). Mean squares for 
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environments and entries were tested with the mean squares for 
the interaction between environments and entries. The 
significance of the effects of replications within 
environments and of the interaction environments x entries was 
tested with the error mean squares. The mean squares for the 
interaction of environments with locus classes was tested 
against the mean squares for the interaction of replications 
within environments with locus classes. The mean squares for 
the interaction of environments with isozyme genotypes within 
locus class were tested against the mean squares for the 
interaction of replications within environments with isozyme 
genotypes within locus classes. The mean squares for the 
interaction of environments with lines within isozyme 
genotypes within locus class were tested against the 
interaction of replications within environments with lines 
within isozyme genotypes within locus class (Table 9). 
The association of specific isozyme genotypes with the 
quantitative traits under study were estimated by least 
squares according to the following models: 
For Cross l: 
Yijklmno = M + Fi + Aj + + Gj, + HQ + ABjk + ACji 
+ ADja + AGjn + AHjo + BHko + 00^ + 
°^o ®^no ®ijklmno 
where: 
Table 9. Analysis of variance for BCgF^.g lines combined 
over environments 
Sources of variation 
Degrees of 
freedom 
Mean 
squares 
Environments (A) (a-1) 
Replications (R/A) (r-1) 
Entries (V) (v-1) 
Locus classes (C) (c-1) 
Isozymes/Locus (I/C) c(i-l) Ml 
I/C=0 (±0-1) 
I/C=l (il-1) 
I/C=2 (12-1) 
I/C=3 (I3-I) 
I/C=4 (I4-I) 
I/C=5 ds-i) 
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Expected mean squares 
+ rv*A 
+ VC&/A 
^2 + rf^AV + raa§ 
il^R/AC + ril*AC + ra(C)2/(c-l) 
*R/AL/I/C + ^ ^R/AI/C + fl*AI/C + raa%yi/c + 
+ ral(I/C)2/[c(i-l) 
*R/AL/I/C=0 + 10*R/AI/C=0 + rl0*AI/C=0 + Z**l/I/C= =0 + 
+ ralo(I/C=0)2/[c(io-l)] 
2 
*R/AL/I/C=1 + ll*R/AI/C=l + fll*AI/C=l + Z**L/I/C= =1 + 
+ rali(I/C=l)2/[c(ii-l)] 
*R/AL/I/C=2 + l24/AI/c=2 + rl2a|i/c=2 + raffL/i/c= 2 + 
+ ral2(I/C=2)2/[c(i2-l)] 
*R/AL/I/C=3 + l3*R/AI/C=3 + fl3*AI/C=3 + Z**L/I/C= 3 + 
+ ral3(I/C=3)2/[c(i3-l)] 
OR/AL/I/C=4 + l4*R/AI/C=4 + fl4*AI/C=4 + fa*L/I/C= =4 + 
+ ral4(I/C=4)2/[c(i4-l)] 
*R/AL/I/C=5 + l5*R/AI/0=5 + fl5*AI/C=5 + Z**L/I/C= • 5  + 
+ ral5(I/C=5)2/[c(i5-l)] 
Table 9. Continued 
Sources of variation 
Degrees of 
freedom 
Mean 
squares 
Lines/Isozymes/Locus (L/I/C) ci(l-l) M2 
L/I/C=0 io(lo-l) 
L/I/C=l ildl-l) 
L/I/C=2 i2(l2-l) 
L/I/C=3 13(13-1) 
L/I/C=4 14(14-1) 
L/I/C=5 15(15-1) 
A X V (a-1)(v-1) 
A X C (a-1)(c-1) M3 
A * I/C c(a-l)(i-1) M4 
A X I/C=0 (a-1)(ig-l) 
A X I/C=l (a-1)(ii-1) 
A X I/C=2 (a-1)(ig-l) 
A X I/C=3 (a-1)(ig-l) 
A X I/C=4 (a-1)(i^-l) 
A X I/C=5 (a-1)(ig-l) 
A X L/I/C ci(a-1)(1-1) M5 
A X L/I/C=0 io( a-l)(lo-l) 
A X L/I/C=l il(a-l)(li-l) 
A X L/I/C=2 i2(a-l)(l2-l) 
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Expected mean squares 
^R/AL/I/C + 
^R/AL/I/C + Z**L/I/C=0 
OR/AL/I/C + fa*L/I/C=l 
*R/AL/I/C + ra*L/I/C=2 
*E/AL/I/C + faeL/I/C=3 
^R/AL/I/C + Z**L/I/C=4 
*R/AL/I/C + r**L/I/C=5 
a| + ra|v 
ic'^R/AC + ril*AC 
*R/AL/I/C + ^^R/AI/C + rl*AJ/C 
*R/AL/I/C= =0 2 + l0*R/AI/C=0 + z^0*AI/C=0 
*R/AL/I/C= =1 2 + ^1<^R/AI/C=1 + 2 fll*AI/C=l 
*R/AL/I/C=2 2 + l2*R/AI/C=2 + 2 fl2*AI/C=2 
*R/AL/I/C=3 + l3*R/AI/C=3 + fl3*AI/C=3 
*R/AL/I/C=4 + l4*R/AI/C=4 + fl4*AI/C=4 
*R/AL/I/C= =5 + ^5^R/AI/C=5 + rl5*AI/C=5 
*R/AL/I/C + r*At/I/C 
OR/AL/I/C= =0 + r*AL/I/C=0 
-2 ' 
*R/AL/I/C= =1 + r*AL/I/C=l 
*R/AL/I/C= =2 + r*AL/I/C=2 
Table 9. Continued 
Sources of variation 
Degrees of 
freedom 
Mean 
squares 
A X L/I/C=3 i 3(a-l)( I 3-I) 
A X L/I/C=4 i4(a-l)( I 4-I) 
A X L/I/C=5 isfa-l)( I 5-I) 
Error (R/A x V) a(r-l)(v-l) 
R/A X C a(r-l)(c-1) 
R/A X I/C ac(r-l)(i-1) 
R/A X I/C=0 a(r-l)(ig-l) 
R/A X I/C=l a(r-l)(ii-1) 
R/A X I/C=2 a(r-l) ( i 2-l) 
R/A X I/C=3 a(r-l)(ig-l) 
R/A X I/C=4 a(r-l)(i*-!) 
R/A X I/C=5 a(r-l)(ig-l) 
R/A X L/I/C aci(r-l)(1-1) 
R/A X L/I/C=0 aio(r-l)(Ig-l) 
R/A X L/I/C=l aii(r-l) di-l) 
R/A X L/I/C=2 ai2(r-l)( I g-l) 
R/A X L/I/C=3 ai3(r-l)( I 3-I) 
R/A X L/I/C=4 ai4(r-l)( I 4-I) 
R/A X L/I/C=5 aigCr-l) ( I 5-I) 
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Expected mean squares 
*R/AL/I/C=3 + f*AL/I/C=3 
*R/AL/I/C=4 + r*AL/I/C=4 
*R/AL/I/C=5 
*2 
+ r*AL/I/C=5 
"e 
il*R/AL 
*R/AL/I/C + 1*R/AI/C 
*R/AL/I/C=0 + 1 „2 •'•0^R/AI/C=0 
*R/AL/I/C=1 + ll*R/AI/C=l 
*R/AL/I/C=2 + ^2®R/AI/C=2 
2~ 
*R/AL/I/C=3 + l30R/AI/C=3 
*R/AL/I/C=4 + l40R/AI/C=4 
*R/AL/I/C=5 + l50R/AI/C=5 
*R/AL/I/C 
*R/AL/I/C=0 
*R/AL/I/C=1 
*R/AL/I/C=2 
*R/AL/I/C=3 
*R/AL/I/C=4 
*R/AL/I/C=5 
^ijklmno ~ Mean over replications and environments for 
the jklmnoth isozyme genotype of the i^^ 862^1" 
derived family; 
H = overall mean; 
i = family niunber, from 1 to 10; 
j, k, 1, m, n, and o = genotype for each of the isozyme 
loci under study, respectively, from 0 to l; with 0 
representing the homozygote for the max alleles, 
and 1 the homozygote for the G^. soi a alleles; 
= effect of the i^^ BCgF^ family from which the line 
was derived; 
Aj = effect of the genotype of the Aco2 locus; 
Bjç = effect of the k^^ genotype of the Idh2 locus; 
_ Ci = effect of the 1^^ genotype of the ^  locus; 
Djjj = effect of the m^^ genotype of the Poml locus; 
= effect of the n^^ genotype of the Pam2 locus; 
HQ = effect of the o^^ genotype of the Pai locus; 
ABj% = effect of the interaction of the genotype of 
the Aco2 locus with the k^^ genotype of the Idh2 
locus; 
ACji = effect of the interaction of the genotype of 
the Aco2 locus with the 1^^ genotype of the A^ 
locus; 
ADjj^ = effect of the interaction of the genotype of 
the Aco2 locus with the m^^ genotype of the Poml 
locus; 
AGjjj = effect of the interaction of the genotype of 
the Aco2 locus with the n^^ genotype of the Pcfin2 
locus; 
AHjQ = effect of the interaction of the genotype of 
the Aco2 locus with the o^^ genotype of the Pai 
locus; 
= effect of the interaction of the genotype of 
the Idh2 locus with the o^^ genotype of the Pai 
locus; 
= effect of the interaction of the 1^^ genotype of 
the àE locus with the genotype of the Pcnnl 
locus; 
CG^n = effect of the interaction of the 1^^ genotype of 
the &E locus with the n^^ genotype of the Pam2 
locus; 
CH]^Q = effect of the interaction of the 1^^ genotype of 
the ^  locus with the o^^ genotype of the Pai locus; 
DGjnn = effect of the interaction of the genotype of 
the Parol locus with the n^^ genotype of the Pam2 
locus; 
DHJ^Q = effect of the interaction of the genotype of 
the Parol locus with the o^^ genotype of the Pai 
locus; 
GHJJQ = effect of the interaction of the n^^ genotype of 
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the EgmZ locus with the oth genotype of the Pgi 
locus; 
®ijklinno ~ error associated with the ijklmno^^ mean. 
For Cross 2: 
^ijklmnopq = /Ll + Fj^ + Aj + Bjç + + Dm + Gn + Ho + Ip + Jq 
+ ABjk + ACji + ADjm + AHjQ + Aljp + BCkl + BDj^ + BG%n 
+ BHko + BIjçp + BJjçq + CDim + CHio + Clip + CJig + DGjjn 
+ DHmo D^mp "*• ^mq ®^no """ GInp + GJnq Hlgp + HJgg 
^ ®ijklmnopq 
where: 
^ijklmnopq ~ mean over replications and environments of 
the jklmnopgth genotype of the i^^ BCjFj^-derived 
family ; 
H = overall mean; 
i = family number, from 1 to 4; 
j, k. 1, m, n, o, p, and q = genotype for each of the 
isozyme loci under study, respectively, from 0 to 1 
with 0 representing the homozygote for the max 
alleles, and 1 the homozygote for the soia 
alleles; 
= effect of the i^^ family; . 
Aj = effect of the genotype of the Aco2 locus; 
B]^ = effect of the k^^ genotype of the Aco4 locus; 
50 
^1 ~ effect of the 1th genotype of the Idhl locus; 
Dj^ = effect of the genotype of the Dial locus; 
Gjj = effect of the n^ genotype of the Ap locus; 
HQ = effect of the o^^ genotype of the Parol locus; 
Ip = effect of the p^^ genotype of the Paro2 locus; 
Jq = effect of the genotype of the MDH locus; 
ABjjç = effect of the interaction of the genotype of 
Aco2 locus with the genotype of the Aco4 locus; 
ACji = effect of the interaction of the genotype of 
Aco2 locus with the 1^^ genotype of the Idhl locus; 
ADjjj = effect of the interaction of the genotype of 
Aco2 locus with the ro^^ genotype of the Dial locus; 
AHjQ = effect of the interaction of the genotype of 
Aco2 locus with the o^^ genotype of the Pcnml locus; 
Aljp = effect of the interaction of the genotype of 
Aco2 locus with the p^^ genotype of the Pcfm2 locus; 
= effect of the interaction of the k^^ genotype of 
Aco4 locus with the 1^^ genotype of the Idhl locus; 
BDJQJJ = effect of the interaction of the k^^ genotype of 
Aco4 locus with the ro^^ genotype of the Dial locus; 
BGjçj^ = effect of the interaction of the k^^ genotype of 
Aco4 locus with the n^^ genotype of the locus; 
BHko = effect of the interaction of the k^^ genotype of 
Aco4 locus with the o^^ genotype of the Pcrml locus; 
BIj^p = effect of the interaction of the kth genotype of 
Aco4 locus with the genotype of the Pcnn2 locus; 
BJj^q = effect of the interaction of the genotype of 
Aco4 locus with the genotype of the MDH locus; 
CDij^ = effect of the interaction of the 1^^ genotype of 
Idhl locus with the genotype of the Dial locus; 
CHio = effect of the interaction of the 1^^ genotype of 
Idhl locus with the o^^ genotype of the Paml locus; 
Clip ~ effect of the interaction of the 1*-^ genotype of 
Idhl locus with the p^^ genotype of the Pain2 locus; 
GJ^q = effect of the interaction of the 1^^ genotype of 
Idhl locus with the genotype of the MDH locus; 
DGjjjn = effect of the interaction of the genotype of 
Dial locus with the n^^ genotype of the ^  locus; 
DHJ^Q = effect of the interaction of the genotype of 
Dial locus with the o^^ genotype of the Paml locus; 
DIjjp = effect of the interaction of the genotype of 
Dial locus with the p^^ genotype of the Pcfin2 locus; 
DJj^q = effect of the interaction of the genotype of 
Dial locus with the q^^ genotype of the MDH locus; 
GHJJQ - effect of the interaction of the n^^ genotype of 
Ap locus with the o^^ genotype of the Pcnml locus; 
GIj^p = effect of the interaction of the n^^ genotype of 
Ap locus with the p^^ genotype of the Pain2 locus; 
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GJjjq = effect of the interaction of the nth genotype of 
Ap locus with the genotype of the MDH locus; 
op HIQ- = effect of the interaction of the o^^ genotype of 
Pcml locus with the p^^ genotype of the Pcnn2 locus; 
oq HJQJJ = effect of the interaction of the o^^ genotype of 
Paml locus with the q^^ genotype of the MDH locus; 
•pq IJ„„ = effect of the interaction of the p^^ genotype of 
Pcm2 locus with the q^^ genotype of the MDH locus; 
®ijklinnopq ~ error associated with the ijklmnopqth mean. 
The effects of families and isozyme genotypes for each 
locus were considered fixed for the analysis of variance. The 
estimation of effects of genotypes for each locus were 
calculated after adjusting for families. The estimations of 
the effects of the interaction between isozyme genotypes for 
two loci were calculated after adjusting for family effects 
and for main effects of isozyme genotypes for each locus. 
The estimations of the effects of the genotypes for each 
locus and for the 2-way interactions between loci were tested 
for significance with a t statistic calculated as follows: 
tf= [E] 
S.E.[E] 
where: 
f = degrees of freedom for residual of the analysis of 
variance; 
53 
[E] = estimation of the effect; 
S.E.[E] = Var[E]^; and 
Var[E] = the variance of the estimation, obtained from 
the variance-covariance matrix for the model. 
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RESULTS 
There were significant differences among entries for all 
traits in both crosses at each environment (Tables 10 through 
13). Significant differences also were observed among locus 
classes for all traits in both environments for Cross 1, 
except for PROT and YLD at environment 1 (Tables 12 and 13). 
Cross 2 also had significant differences among locus classes 
for all traits, except YLD in environment 1 and LOG, VIN, 
PLT, and PROT in environment 2 (Tables 12 and 13). The 
significant differences among locus classes suggested that 
lines with different numbers of loci homozygous for the G. 
SOTa alleles had significantly different phenotypic values 
for the traits. 
Isozyme genotypes within locus classes exhibited 
significant differences for all traits at both environments 
for Cross 2 (Tables 12 and 13). For Cross 1, significant 
differences for isozyme genotypes within locus classes were 
observed for MAT, PROT, and OIL at both environments and for 
HT at environment 2 (Tables 12 and 13). Significant 
differences among isozyme genotypes within a locus class 
suggested the possibility of specific associations of a 
particular isozyme genotype with one of the traits measured. 
For locus class 1 of Cross 1, there were significant 
differences among isozyme genotypes only for OIL in 
Table 10. Analysis of variance for eight traits of lines 
from Cross 1 in environment 1 
Sources of variation d.f. 
Mean squares 
YLD MAT 
Replications (R) 1 492393 0.1 
Entries (V) 178 720321** 191.3** 
Locus Classes (C) 5 503432 307.7** 
Isozyme Genotypes/C (I/C) 21 1157811 403.8** 
I/C=o 0 0 0.0 
I/C=l 5 678418 225.8 
I/C=2 10 1968709* 288.8 
I/C=3 5 246960 733.8** 
I/C=4 1 56 793.8* 
I/C=5 0 0 0.0 
Lines/I/C (L/I/C) 152 667013** 158.1** 
L/I/C=0 49 585910** 188.7** 
L/I/C=l 24 767395** 174.5** 
L/I/C=2 43 717178** 163.4** 
L/I/C=3 24 754255** 95.3** 
L/I/C=4 8 596460 121.9** 
L/I/C=5 4 136599 75.7 
Error (RxV) 178 160937 5.0 
- RxC 5 198997 6.4 
RXl/C 21 134846 3.2 
Rxl/C=0 0 0 0.0 
Rxl/C=l 5 137634 1.6 
Rxl/C=2 10 183371 3.9 
Rxl/C=3 5 61631 3.1 
Rxl/C=4 1 1725 5.0 
Rxl/C=5 0 0 0.0 
RXL/I/C 152 163567 5.2 
RXL/I/C=0 49 161970 6.1 
RxL/I/C=l 24 114059 6.1 
RXL/I/C=2 43 162285 3.7 
RxL/I/C=3 24 237903 3.7 
RXL/I/C=4 8 144120 8.3 
RxL/I/C=5 4 156844 8.4 
C.V. (%) 12.6 8.3 
*,**Significant at 0.05 and 0.01 level of probability, 
respectively. 
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Mean squares 
LOG HT VIN PLT PROT OIL 
0.0 718.0 1.7* 1.7* 5.2** 0.7 
0.3** 1857.7** 1.4** 1.4** 4.5** 2.4** 
3.6** 10615.7** 18.1** 18.1** 1.0 3.0** 
0.2 2600.1 0.7 0.7 9.3** 5.4** 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1 499.7 0.2 1.3 15.5 8.3** 
0.3 2351.1 0.6* 0.7 11.3 5.8** 
0.2 5574.6 0.1 0.2 1.0 2.5 
0.4 720.0 0.0 0.4 0.4 1.7 
0.0 0.0 0.0 0.0 0.0 0.0 
0.2** 1467.0** 0.2** 1.0** 4.0** 2.0** 
0.4** 1416.3** 0.2** 1.3** 2.7** 1.6** 
0.3** 1408.2** 0.2** 1.4** 6.9** 3.1** 
0.2** 1806.6** 0.2** 0.8** 5.9** 2.7** 
0.1** 954.4 0.2** 0.3 1.7** 0.8** 
0.0 1453.5 0.2 0.2 1.9 1.4* 
0.1 1891.2 0.0 0.0 0.6 1.3 
0.1 247.5 0.0 0.3 0.6 0.2 
0.0 428.3 0.1 0.4 0.2 0.1 
0.0 226.8 0.0 0.2 0.8 0.3 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1 195.9 0.0 0.1 0.5 0.2 
0.0 243.2 0.1 0.3 0.5 0.1 
0.1 258.6 0.0 0.3 0.5 0.6 
0.1 57.8 0.0 0.0 0.2 0.2 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1 244.3 0.1 0.3 0.6 0.2 
0.1 160.5 0.0 0.5 0.8 0.2 
0.0 188.1 0.0 0.3 0.5 0.3 
0.0 238.2 0.0 0.2 0.4 0.2 
0.0 277.0 0.1 0.2 0.6 0.3 
0.0 685.6 0.0 0.1 0.8 0.2 
0.0 680.9 0.0 0.0 0.8 0.3 
5.0 11.9 12.6 12.8 2.0 2.6 
Table 11. Analysis of variance for eight traits of lines 
from Cross 1 in environment 2 
Sources of variation d.f. 
Mean squares 
YLD MAT 
Replications (R) 1 16368 0.4 
Entries (V) 178 515145** 178.1** 
Locus Classes (C) 5 1485759* 237.8** 
Isozyme Genotypes/C (I/C) 21 596246 358.6** 
I/C=0 0 0 0.0 
I/C=l 5 473237 230.5 
I/C=2 10 801442 251.5 
I/C=3 5 423944 626.3** 
I/C=4 1 20839 732.1* 
I/C=5 0 0 0.0 
Lines/I/C (L/I/C) 152 472012** 151.2** 
L/I/C=0 49 486102** 171.3** 
L/I/C=l 24 658561** 168.4** 
L/I/C=2 43 474731** 167.3** 
L/I/C=3 24 289466** 81.4** 
L/I/C=4 8 223123 130.8** 
L/I/C=5 4 743950* 88.9** 
Error (RxV) 178 126531 3.4 
- RxC 5 194946 2.3 
Rxl/C 21 63910 5.6 
Rxl/c=0 0 0 0.0 
RXI/C=1 5 80171 5.4 
Rxl/C=2 10 46826 5.6 
RXI/C=3 5 94554 6.9 
Rxl/C=4 1 232 0.5 
RXI/C=5 0 0 0.0 
RXL/I/C 152 133105 3.1 
RXL/I/C=0 49 89493 5.1 
RXL/I/C=1 24 218987 2.3 
RXL/I/C=2 43 137964 1.9 
RXL/I/C=3 24 115575 2.5 
RXL/I/C=4 8 201168 1.8 
RXL/I/C=5 4 97665 2.3 
C.V. (%) 12.9 7.0 
*, **Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
LDG HT VIN PLT PROT OIL 
0.7** 1220.5** 0.4 1.8* 5.3 1.6 
0.4** 1109.6** 1.0* 1.5** 5.9** 3.7** 
4.4** 8304.9** 14.1** 17.6** 1.3 3.1* 
0.2 1471.2* 0.6 0.9 10.4** 7.1* 
0.0 0.0 0.0 0.0 0.0 0.0 
0.2 372.1 0.7 1.0 10.8 8.1 
0.2 2178.6* 0.7 1.2 15.6 9.6* 
0.0 1209.6 0.3 0.4 1.5 1.5 
0.5** 1201.3 0.1 0.1 0.3 4.2 
0.0 0.0 0.0 0.0 0.0 0.0 
0.3** 822.9** 0.6** 1.0** 5.5** 3.3** 
0.4** 777.7** 0.8** 1.3** 4.0** 1.7** 
0.5** 753.7** 0.7** 1.5** 8.2** 3.5** 
0.3** 936.7** 0.6** 0.9** 8.5** 7.1* 
0.1 814.0** 0.3 0.4* 2.2** 0.7** 
0.1 965.6* 0.1 0.1 1.0 1.0** 
0.0 337.2 0.2 0.0 2.4** 1.0 
0.1 178.4 0.2 0.3 1.4 1.3 
0.1 284.2 0.2 0.4 2.1 0.5 
0.1 115.6 0.1 0.2 1.9 1.9 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 28.8 0.3 0.2 0.2 0.1 
0.1 170.7 0.1 0.1 3.7 3.9 
0.1 115.3 0.1 0.5 0.1 0.2 
0.0 0.5 0.2 0.1 1.7 0.1 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1 184.0 0.2 0.3 1.3 1.2 
0.1 96.0 0.2 0.4 0.4 0.2 
0.1 173.7 0.2 0.3 0.6 0.3 
0.1 218.2 0.2 0.3 3.4 3.8 
0.1 270.8 0.2 0.2 0.6 0.2 
0.0 279.7 0.1 0.1 0.6 0.1 
0.0 286.7 0.0 0.0 0.1 0.3 
6.1 10.9 
H
 
H
 12.7 3.0 5.9 
Table 12. Analysis of variance for eight traits of lines 
from Cross 2 at environment 1 
Sources of variation d.f. 
Mean squares 
YLD MAT 
Replications (R) 1 833536* 0.4 
Entries (V) 295 1093263** 376.6** 
Locus Classes (C) 5 541749 792.9** 
Isozyme Genotypes/C (I/C) 21 3788819** 2734.8** 
I/C=0 0 0 0.0 
I/C=l 7 2749355** 857.6* 
I/C=2 16 651485 879.2** 
I/C=3 20 1785776 1402.0** 
I/C=4 8 1666128 1160.6** 
I/C=5 1 851398 36.5 
Lines/I/C (L/I/C) 152 1580518** 327.0** 
L/I/C=0 14 744666 439.5** 
L/I/C=l 30 565200** 277.6** 
L/I/C=2 68 1274259** 261.5** 
L/I/C=3 81 1093718** 180.8** 
L/I/C=4 36 950180** 61.1** 
L/I/C=5 8 426269* 74.3** 
Error (RxV) 294 143584 4.3 
. RxC 5 541988 2.8 
RXI/C 52 120857 4.5 
Rxl/C=0 0 0 0.0 
Rxl/C=l 7 65322 5.0 
Rxl/C=2 16 134953 2.8 
Rxl/C=3 20 119705 4.2 
Rxl/C=4 8 144415 6.6 
Rxl/C=5 1 118636 18.1 
RXL/I/C 237 140030 4.3 
RXL/I/C=0 14 377307 6.2 
RXL/I/C=1 30 140607 3.0 
RxL/I/C=2 68 145325 4.2 
RxL/I/C=3 81 86444 4.6 
RXL/I/C=4 36 176416 4.6 
RXL/I/C=5 8 76505 0.4 
C.V. (%) 13.7 7.9 
*, **Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
LDG HT VIN PLT PROT OIL 
1.0** 5.1 0.0 0.5 3.5* 2.4** 
1.5** 2312.0** 1.6** 2.4** 7.2** 4.3** 
1.3* 4649.0** 1.0** 1.4* 8.7** 7.3** 
12.2** 15943.7** 11.9* 17.8** 32.3** 17.2** 
0.0 0.0 0.0 0.0 0.0 0.0 
3.4** 4464.4 3.5 6.1* 11.9 7.5 
4.7** 4734.3** 5.0** 7.2** 13.0* 5.1 
5.2** 8401.3** 4.7** 6.7** 14.4** 8.3* 
5.5** 6174.5** 4.4** 7.8** 10.4 5.1 
9.5* 10396.8** 17.1** 20.0** 14.6 21.2** 
1.3** 2131.4** 1.5** 2.2** 9.2** 5.7** 
0.7* 3023.5** 0.9* 1.5** 7.6** 3.9** 
1.1** 1892.7** 1.6** 2.0** 5.5** 4.2** 
0.8** 1638.0** 1.0** 1.4** 6.2** 3.4** 
0.9** 1142.4** 1.0** 1.4** 5.5** 3.5** 
0.8** 490.9** 0.6** 1.0** 6.8** 4.4* 
0.2 409.3 0.2 0.4 3.3* 1.0* 
0.1 178.3 0.1 0.3 0.5 0.3 
0.2 378.5 0.1 0.2 0.2 0.0 
0.1 179.7 0.1 0.3 0.5 0.2 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 331.2 0.2 0.2 0.5 0.1 
0.1 135.5 0.2 0.4 0.3 0.3 
0.1 175.3 0.1 0.2 0.6 0.1 
0.2 149.4 0.1 0.4 0.8 0.3 
0.3 156.8 0.0 0.1 0.2 0.0 
0.1 173.5 0.1 0.3 0.5 0.3 
0.2 206.1 0.3 0.4 0.7 0.5 
0.1 176.0 0.1 0.3 0.6 0.4 
0.1 199.6 0.1 0.2 0.5 0.3 
0.1 129.1 0.1 0.2 0.5 0.2 
0.2 160.8 0.2 0.2 0.5 0.2 
0.2 373.1 0.1 0.2 0.7 0.2 
CM 
10.9 10.5 12.1 1.9 2.6 
Table 13. Analysis of variance for eight traits of lines 
from Cross 2 in environment 2 
Sources of variation d.f. 
Mean squares 
YLD MAT 
Replications (R) 1 12419 5.9 
Entries (V) 295 945290** 325.1** 
Locus Classes (C) 5 1601884* 653.0** 
Isozyme Genotypes/C (I/C) 21 2973383** 2391.6** 
I/C=0 0 0 0.0 
I/C=l 7 1299316 830.8* 
I/C=2 16 1064336 752.2** 
I/C=3 20 922997 1201.2** 
I/C=4 8 1797383 1037.9** 
I/C=5 1 3477447* 45.0 
Lines/I/C (L/I/C) 152 1371118** 279.1** 
L/I/C=0 14 426704** 383.3** 
L/I/C=l 30 619341** 263.0** 
L/I/C=2 68 1160143** 216.0** 
L/I/C=3 81 882481** 144.7** 
L/I/C=4 36 794944** 57.9** 
L/I/C=5 8 608397** 83.9** 
Error (RxV) 294 116164 2.9 
- RxC 5 259514 5.9 
Rxl/C 52 106770 3.3 
Rxl/C=0 0 0 0.0 
Rxl/C=l 7 107365 1.1 
Rxl/C=2 16 105695 4.6 
Rxl/C=3 20 122624 3.2 
Rxl/C=4 8 80162 2.5 
Rxl/C=5 1 15570 5.0 
RxL/I/C 237 115185 2.8 
RXL/I/C=0 14 92133 3.0 
RxL/I/C=l 30 89052 3.8 
RxL/I/C=2 68 151373 2.7 
RXL/I/C=3 81 113663 2.8 
RXL/I/C=4 36 96377 1.8 
RxL/I/C=5 8 26362 3.4 
C.V. (%) 12.3 6.5 
*, **Significant at the 0.05 and 0.01 level of 
probability, respectively. 
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Mean squares 
LOG HT VIN PLT PROT OIL 
0.3 1167.6** 0.0 0.0 1.3 2.9** 
1.4** 1980.0** 1.5** 2.2** 7.0** 4.6** 
0.5 4921.6** 0.6 0.6 4.9 5.7** 
11.5** 13645.4** 11.4** 15.3** 31.2** 18.0** 
0.0 0.0 0.0 0.0 0.0 0.0 
3.5** 3870.5 3.1 4.2 13.1 7.7 
4.0** 4141.4** 3.3** 5.4** 14.0** 5.3 
5.4** 7928.0** 5.6** 7.0** 13.3** 8.2* 
4.0** 3880.6** 4.6** 6.4** 8.7 5.6 
12.6** 3591.2 15.3** 15.3** 3.6 30.3** 
1.2** 1795.6** 1.4** 2.1** 9.1** 6.3** 
1.2* 1804.3** 1.2** 2.0** 7.8** 4.9** 
0.7** 1966.1** 1.5** 2.1** 6.0** 4.3** 
0.9** 1420.4** 0.9** 1.5** 5.7** 4.1** 
0.7** 890.8** 0.8** 1.2** 5.6** 3.8** 
0.5** 445.8** 0.5** 0.9** 6.4** 4.5** 
0.1 487.2** 0.1 0.2** 3.7 1.7* 
0.1 164.9 0.1 0.2 0.6 0.2 
0.3 134.8 0.2 0.5 1.0 0.2 
0.1 123.0 0.1 0.2 0.7 0.2 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1 137.7 0.2 0.1 0.3 0.2 
0.1 182.4 0.1 0.2 0.5 0.1 
0.1 95.7 0.1 0.3 0.9 0.2 
0.1 63.8 0.2 0.1 0.6 0.2 
0.0 88.2 0.0 0.1 1.7 0.0 
0.1 175.3 0.1 0.2 0.6 0.2 
0.2 155.8 0.1 0.3 0.5 0.2 
0.1 181.3 0.2 0.3 0.4 0.2 
0.1 219.2 0.1 0.2 0.4 0.2 
0.1 144.2 0.1 0.2 0.8 0.3 
0.2 183.6 0.2 0.3 0.4 0.2 
0.1 70.7 0.1 0.0 2.5 0.4 
6.9 10.5 C
O o
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 11.4 
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 2.4 
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environment 1 (Tables 12 and 13). For Cross 2 ,  differences 
among isozyme genotypes within locus class 1 were found for 
MAT and LD6 at both environments, and for PLT and YLD in 
environment 1 (Tables 12 and 13). 
Within locus class 2 of Cross 1, significant differences 
among isozyme genotypes were found only for VIN, YLD, and OIL 
in environment 1 (Table 8), and for HT and OIL in environment 
2 (Table 9). For Cross 2 at both environments, significant 
differences among isozyme genotypes within locus class 2 were 
found for all traits, except YLD and OIL in environment 1 
(Tables 12 and 13). 
Within locus class 3, significant differences among 
isozyme genotypes were observed for all traits, except YLD at 
both environments for Cross 2 (Tables 12 and 13). Only MAT 
showed significant differences among isozyme genotypes in 
Cross 1 in both environments (Tables 12 and 13). Locus class 
4 had highly significant differences among isozyme genotypes 
for all traits, except YLD, PROT, and OIL at both 
environments for Cross 2 (Tables 12 and 13). For Cross 1, 
only MAT in both environments and LDG in environment 2 had 
significant differences for isozyme genotypes within locus 
class 4 (Tables 12 and 13). For locus class 5, significant 
differences among isozyme genotypes were found in Cross 2 for 
VIN and PLT in both environments, for HT in environment l, 
and YLD in environment 2 (Tables 12 and 13). 
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The comparison among lines within isozyme genotypes 
within locus class for both crosses showed highly significant 
effects for all traits in both environments (Tables 10 
through 13). The presence of significant differences among 
lines within enzyme genotypes revealed the existence of 
variation for the traits that is not associated with an 
isozyme locus. For Cross 1, these differences were 
consistent over environments for all traits within the 0-, 1-
,  a n d  2 - l o c u s  c l a s s .  W i t h i n  t h e  3 - l o c u s  c l a s s  o f  C r o s s  1 ,  
significant differences among lines within isozyme genotypes 
were observed for MAT and YLD in both enviroments, LDG and 
VIN in environment 1, and HT and PLT in environment 2. 
Within the 4-locus class, significant differences among lines 
within isozyme genotypes were found only for MAT and OIL in 
both environments and for HT environment 2. No significant 
differences among lines within isozyme genotypes were 
observed within locus class 5 in environment 1, and only MAT, 
PROT, and YLD had significant differences at environment 2 
(Tables 12 and 13). 
For Cross 2, significant effects of lines within isozyme 
genotypes were consistent over environments within isozyme 
genotypes of the 0-, 1-, 2-, 3-, and 4-locus classes, except 
for YLD in environment 1 within the 0-locus class. Within 
the 5-locus class, only MAT, YLD, and OIL showed significant 
effects for lines within isozyme genotypes at both 
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environments. PROT showed significant differences in 
environment 1 and HT and PLT in environment 2 for the 
comparison among lines within isozyme genotypes of locus 
class 5 (Tables 12 and 13). 
The combined analyses over environments showed 
significant differences between environments for all traits 
in both crosses, except for VIN, PLT, and OLE in Cross 1, and 
HT, PROT, OIL, and PALM for Cross 2. Significant differences 
were observed among entries for all traits in both crosses. 
The interaction of environments with entries was generally 
not significant, except for HT and YLD in both crosses and 
MAT and VIN in Cross 2 (Tables 14 through 17). 
Differences among locus classes were significant for 
MAT-, LOG, HT, PLT, and OIL in both crosses, for VIN in Cross 
1 and for YLD, STE, OLE, and LIC in Cross 2 (Tables 14 
through 17). The means for the locus classes of each cross 
are listed in Tables 18 and 19, and plotted in Figures 1 
through 10. Significant effects were not observed for the 
interaction of environments with locus classes in Cross l 
(Tables 14 and 15), and only VIN and OIL had significant 
effects in Cross 2 (Tables 16 and 17). The partition of the 
sum of squares of locus classes showed significant effects 
for the regression of MAT, LOG, HT, PLT, YLD, OIL, and LIC on 
locus classes for both crosses (Tables 20 and 21), and for 
VIN in Cross 1 and for STE in Cross 2. 
Table 14. Analysis of variance for eight traits of lines 
from Cross 1 combined over environments 
Sources of variation d.f. 
Mean squares 
YLD MAT 
Environments (A) 1 33722518** 106.4** 
Replications/A (R/A) 2 254381 0.3 
Entries (V) 178 779535** 364.5** 
Locus Classes (C) 5 1647375 541.7** 
Isozyme Genotypes/C (I/C) 21 1151785 757.8** 
I/C=0 0 0 0.0 
I/C=l 5 308312 454.2 
I/C=2 10 2009314 535.1 
I/C=3 5 508683 1353.2** 
I/C=4 1 9368 1525.2* 
I/C=5 0 0 0.0 
Lines/I/C (L/I/C) 152 699559** 304.3* 
L/I/C=0 49 745666** 355.7** 
L/I/C=l 24 675554 338.9** 
L/I/C=2 43 789833* 324.3** 
L/I/C=3 24 585712 170.6** 
L/I/C=4 8 403064 250.2** 
L/I/C=5 4 584401 163.8** 
AxV 178 455931** 4.9 
AXC 5 341816 3.7 
AXI/C 21 602272 4.7 
Axl/C=0 0 0 0.0 
Axl/C=l 5 843343 2.2 
Axl/C=2 10 760837 5.2 
Axl/C=3 5 162222 6.8 
Axl/C=4 1 11526 0.6 
Axl/C=5 0 0 0.0 
AxL/I/C 152 439466** 5.0 
AXL/I/C=0 49 326347** 4.2 
Axl/L/C=l 24 750401** 4.0 
Axl/L/C=2 43 402076** 6.7** 
AXL/I/C=3 24 458009** 6.1* 
AXL/I/C=4 8 416519* 2.4 
AXL/I/C=5 4 296148 0.7 
**Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
LOG HT VIN PLT PROT OIL 
0.4* 16374.0** 0.4 0.1 3.4* 10.6** 
0.4** 969.2* 0.2 1.7** 5.2** 1.2 
0.7** 2535.4** 1.8** 2.6** 9.6** 5.4** 
8.0** 18795.5** 27.5** 35.7** 1.7 5.7** 
0.4 3493.3 1.0 1.5 18.8** 11.6** 
0.0 0.0 0.0 0.0 0.0 0.0 
0.3 828.0 1.2 2.2 25.8 16.3 
0.5 3984.4 1.2 1.8 25.3 13.7 
0.2 5496.9 0.4 0.5 2.2 3.8* 
0.9** 1890.6 0.1 0.4 0.7 5.7 
0.0 0.0 0.0 0.0 0.0 0.0 
0.5** 1868.2** 1.0** 1.7** 8.6** 4.6** 
0.7** 1886.5** 1.4** 2.2** 6.1** 2.9** 
0.6** 1877.0** 1.4** 2.7** 14.5** 6.3** 
0.4** 2241.0** 1.0** 1.6** 12.8** 8.0** 
0.2** 1257.3* 0.5** 0.6** 3.4** 1.3** 
0.0 1846.2 0.1 0.1 2.6** 2.0* 
0.1 1291.7 0.2 0.0 2.1 2.0* 
- 0.1 431.9** 0.2 0.3 0.8 0.7 
0.0 125.1 0.1 0.0 0.6 0.4 
0.0 578.0 0.2 0.1 0.9 0.9 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 43.8 0.2 0.1 0.5 0.2 
0.1 545.3 0.2 0.1 1.6 1.8 
0.1 1287.3 0.2 0.1 0.2 0.3 
0.0 30.6 0.0 0.1 0.0 0.3 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1* 421.8** 0.2 0.3 0.8 0.7 
0.1 307.6** 0.2 0.5 0.6 0.3 
0.1 284.9 0.2 0.3 0.5 0.2 
0.1 502.3** 0.2 0.2 1.6 1.7 
0.1 511.1* 0.1 0.2 0.4 0.3 
0.0 572.9 0.1 0.1 0.3 0.4 
0.0 936.6 0.1** 0.0 0.9 0.2 
Table 14. Continued 
Sources of variation d.f. 
Mean squares 
Y MAT 
Error (R/AxV) 356 142695 4.2 
R/AxC 10 196971 4.3 
R/Axi/C 42 99378 4.4 
R/Axl/C=0 0 0 0.0 
R/Axl/C=l 10 108903 3.5 
R/Axl/C=2 20 115099 4.7 
R/Axl/C=3 10 78093 5.0 
R/Axl/C=4 2 979 2.7 
R/Axl/C=5 0 0 0.0 
R/AXL/I/C 304 147174 4.1 
R/AxL/I/C=0 98 125116 5.6 
R/AXL/I/C=1 48 165407 4.2 
R/AXL/I/C=2 86 147487 2.8 
R/AXL/I/C=3 48 167375 3.1 
R/AXL/I/C=4 16 160071 5.0 
R/AXL/I/C=5 8 145434 5.3 
C.V. (%) 12.7 7.7 
69 
Mean squares 
LD6 HT V PLT PROT OIL 
0.1 213.3 0.2 0.3 1.0 0.8 
0.0 356.2 0.1 0.4 1.2 0.3 
0.0 171.2 0.1 0.2 1.2 1.1 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 112.3 0.2 0.1 0.3 0.1 
0.0 206.9 0.1 0.2 2.1 2.0 
0.1 186.9 0.1 0.4 0.3 0.4 
0.0 29.1 0.1 0.0 1.0 0.2 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1 214.4 0.2 0.3 1.0 0.8 
0.1 128.3 0.2 0.4 0.6 0.2 
0.1 181.2 0.2 0.3 0.6 0.3 
0.0 225.7 0.1 0.3 2.0 2.1 
0.1 273.8 0.2 0.2 0.6 0.3 
0.0 502.6 0.1 0.1 0.7 0.2 
0.0 483.8 0.0 0.0 0.6 0.3 
. 5.5 11.5 11.3 12.7 2.5 4.6 
Table 15. Analysis of variance combined over environments 
for fatty acid composition of lines from Cross 1 
Sources of variation d.f. 
Man Squares 
PALM STE 
Environments (A) 1 1.3** 0.7** 
Entries (V) 178 0.3** 0.2** 
Locus Classes (C) 5 0.2 0.1 
Isozyme Genotypes/C (I/C) 21 0.5 0.3 
I/C=0 0 0.0 0.0 
I/C=l 5 0.6* 0.2 
I/C=2 10 0.5 0.4* 
I/C=3 5 0.4 0.3 
I/C=4 1 0.0 0.1 
I/C=5 0 0.0 0.0 
Lines/I/C (L/I/C) 152 0.3** 0.2** 
L/I/C=0 49 0.4** 0.2** 
L/I/C=l 24 0.1** 0.3** 
L/I/C=2 43 0.3** 0.2** 
L/I/C=3 24 0.3** 0.2* 
L/I/C=4 8 0.2 0.1 
L/I/C=5 4 0.1 0.2 
AxV 178 0.1 0.0 
- AxC 5 0.1 0.0 
AXI/C 21 0.1 0.0 
Axl/C=0 0 0.0 0.0 
Axl/C=l 5 0.1 0.1 
Axl/C=2 10 0.0 0.0 
Axl/C=3 5 0.1 0.0 
Axl/C=4 1 0.2 0.0 
Axl/C=5 0 0.0 0.0 
AXL/I/C 152 0.1 0.0 
AXL/I/C=0 49 0.1 0.0 
AXL/I/C=1 24 0.0 0.0 
AxL/I/C=2 43 0.0 0.0 
AxL/I/C=3 24 0.1 0.1 
AXL/I/C=4 8 0.1 0.0 
AxL/I/C=5 4 0.1 0.1 
C.V. (%) 2.2 4.8 
*, **Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
Mean squares 
OLE LEN Lie 
16.1 54.6** 123.1** 
3.9** 4.7** 1.0** 
1.6 3.1 1.0 
7.3** 12.7** 1.5* 
0.0 0.0 0.0 
1.9 7.3** 1.2 
3.4 7.0 1.3 
19.2** 29.2** 2.6** 
13.7 15.1 0.0 
0.0 0.0 0.0 
3.5** 3.6** 0.9** 
4.4** 3.9** 0.9** 
2.7** 2.5** 1.1** 
2.3** 3.2** 1.0** 
3.4** 3.5** 0.4 
6.7** 7.7** 1.1** 
2.8 3.0 2.0 
0.6 0.7 0.3 
0.5 0.6 0.2 
0.5 0.7 0.2 
0.0 0.0 0.0 
0.7 0.4 0.1 
0.6 1.0 0.2 
0.2 0.3 0.3 
0.1 0.5 0.4 
0.0 0.0 0.0 
0.7 0.7 0.3 
0.7 0.6 0.3 
0.6 0.4 0.3 
0.7 0.7 0.3 
0.5 1.2 0.4 
0.7 1.1 0.2 
0.8 0.7 0.4 
4.2 1.5 5.3 
Table 16. Analysis of variance for eight traits of lines 
from Cross 2 over environments 
Sources of variation d.f. 
Mean squares 
YLD MAT 
Environments (A) 1 15496632** 94.0** 
Replications/A (R/A) 2 422978 3.2 
Entries (V) 294 1695503** 699.2** 
Locus Classes (C) 5 1836697* 1439.8** 
Isozyme Genotypes/C (I/C) 52 2414682** 2064.5** 
I/C=0 0 0 0.0 
I/C=l 7 3407503* 1685.7** 
I/C=2 16 1448452 1624.8** 
I/C=3 20 2359575 2596.0** 
I/C=4 8 3432392* 2194.8** 
I/C=5 1 3885089 81.2 
Lines/I/C (L/I/C) 237 1534730** 384.0** 
L/I/C=0 14 954854** 818.0** 
L/I/C=l 30 890455** 535.2** 
L/I/C=2 68 1972069** 473.3** 
L/I/C=3 81 1647541** 320.1** 
L/I/C=4 36 1359220** 115.4** 
L/I/C=5 8 895751** 152.5** 
AxV - 294 349983** 4.9** 
AxC 5 306936 6.1 
Axl/C 52 316207 5.7 
Axl/C=0 0 0 0.0 
AXI/C=1 7 641168 2.6 
Axl/C=2 16 267369 6.7 
AXI/C=3 20 349199 7.2 
AXI/C=4 8 31119 3.7 
AXI/C=5 1 443756 0.2 
AxL/I/C 237 358302** 4.7 
AXL/I/C=0 14 216516 4.7 
Axl/L/C=l 30 294086** 5.4 
AXI/L/C=2 68 462334** 4.2 
AXL/I/C=3 81 328657** 5.4* 
AXL/I/C=4 36 385904** 3.6 
AXL/I/C=5 8 138915* 5.8* 
*, **Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
LD6 HT VIN PLT PROT OIL 
10.5** 440.5 5.1** 12.6** 0.3 1.5 
0.6* 586.4 0.0 0.2 2.4** 2.6 
2.8** 4064.1** 3.0** 4.4** 13.8** 8.7** 
1.5** 9170.7** 1.21 1.7* 12.1 12.4** 
9.4** 11696.4** 9.2** 13.1** 25.1** 14.0** 
0.0 0.0 0.0 0.0 0.0 0.0 
6.8** 8183.3 6.4 10.1** 24.6 15.0* 
8.5** 8696.0** 8.1** 12.4** 26.6 10.3* 
10.4** 16052.3** 10.1** 13.5** 27.1 16.2 
9.3** 9705.5** 8.6** 13.7** 18.9 10.4 
22.1** 13104.4 32.4** 35.2** 16.4 51.1 
1.4** 2281.8** 1.7** 2.5** 11.3** 7.4** 
1.6** 4482.9** 2.0** 3.3** 15.1** 8.6** 
1.7** 3737.3** 2.9** 3.9** 11.2** 8.2** 
1.5** 2823.1** 1.7** 2.7** 11.4** 7.2** 
1.5** 1739.7** 1.7** 2.3** 10.4** 7.0** 
1.0** 786.4** 0.8** 1.5** 12.9 8.6* 
0.2 588.6 0.2 0.3 6.2 2.6 
- 0.1 242.5* 0.2* 0.3 0.5 0.3 
0.3 399.8 0.4* 0.3 1.5 0.7** 
0.2 253.0 0.2 0.3 0.5 0.2 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 151.6 0.2 0.3 0.5 0.2 
0.1 179.7 0.2 0.2 0.4 0.2 
0.2** 276.9 0.2 0.2 0.6 0.2 
0.2 349.6* 0.4 0.6 0.3 0.3 
0.1 883.6 0.0 0.2 0.0 0.0 
0.1 236.8 0.2* 0.3 0.5 0.3 
0.2 344.9 0.2 0.2 0.3 0.2 
0.1 121.6 0.2 0.2 0.4 0.2 
0.1 235.3 0.2* 0.2 0.5 0.4* 
0.1 293.5** 0.2 0.3 0.6 0.2 
0.3 150.3 0.2 0.4 0.3 0.2 
0.1 307.9 0.1 0.2 0.8 0.2 
Table 16. Continued 
Sources of variation d.f. 
Mean squares 
YLD MAT 
Error (R/AxV) 588 129755 3.6 
R/AxC 10 400751 4.4 
R/Axi/C 104 113813 3.9 
R/Axl/C=0 0 0 0.0 
R/AXI/C=1 14 86343 3.0 
R/Axl/C=2 32 120324 3.7 
R/Axl/C=3 40 121164 3.7 
R/Axl/C=4 16 112289 4.6 
R/Axl/C=5 2 0 0.0 
R/AxL/I/C 474 127473 3.5 
R/AXL/I/C=0 28 234720 4.6 
R/AxL/I/C=l 60 114830 3.4 
R/AXL/I/C=2 136 148394 3.5 
R/AXL/I/C=3 162 100945 3.7 
R/AxL/I/C=4 72 133876 3.2 
R/AXL/I/C=5 16 53105 1.9 
C.V. (%) 12.10 7.1 
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Mean squares 
LD6 HT VIN PLT PROT OIL 
0.1 171.6 0.1 0.2 0.6 0.2 
0.2 256.7 0.1 0.3 0.6 0.1 
0.1 151.3 0.1 0.2 0.6 0.2 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1 234.5 0.2 0.2 0.4 0.2 
0.1 158.9 0.1 0.3 0.4 0.2 
0.1 135.5 0.1 0.2 0.8 0.2 
0.1 106.6 0.1 0.2 0.7 0.3 
0.0 0.0 0.0 0.0 0.0 0.0 
0.1 174.4 0.1 0.2 0.6 0.3 
0.2 180.9 0.2 0.3 0.6 0.4 
0.1 178.6 0.2 0.3 0.5 0.3 
0.1 209.6 0.1 0.2 0.5 0.3 
0.1 137.6 0.1 0.2 0.7 0.2 
0.2 169.2 0.2 0.2 0.4 0.2 
0.2 231.9 0.1 0.1 1.6 0.3 
7.8 10.3 10.6 11.7 1.9 2.5 
Table 17. Analysis of variance combined over environments 
for fatty acid composition of lines from Cross 2 
Sources of variation d.f. 
Mean Squares 
PALM STE 
Environments (A) 1 0.0 0.5** 
Entries (V) 294 0.4** 0.3** 
Locus Classes (C) 5 0.2 0.3* 
Isozyme Genotypes/C (I/C) 52 0.7** 0.3 
I/C=0 0 0.0 0.0 
I/C=l 7 0.3 0.2 
I/C=2 16 0.4 0.3 
I/C=3 20 0.6 0.3 
I/C=4 8 1.5** 0.3 
I/C=5 1 2.2** 0.5 
Lines/I/C (L/I/C) 237 0.3** 0.2** 
L/I/C=0 14 0.4** 0.3** 
L/I/C=l 30 0.4** 0.2** 
L/I/C=2 68 0.3** 0.3** 
L/I/C=3 81 0.3** 0.2** 
L/I/C=4 36 0.3** 0.2** 
L/I/C=5 8 0.1 0.2** 
AxV 294 0.1 0.0 
- AxC 5 0.0 0.0 
Axl/C 52 0.0 0.0 
AXI/C=0 0 0.0 0.0 
AXI/C=1 7 0.1 0.0 
AXI/C=2 16 0.0 0.1 
AXI/C=3 20 0.0 0.0 
AXI/C=4 8 0.1 0.0 
AXI/C=5 1 0.1 0.0 
AxL/I/C 237 0.1 0.0 
AXL/I/C=0 14 0.0 0.0 
AXL/I/C=1 30 0.1 0.0 
AXL/I/C=2 68 0.1 0.0 
AXL/I/C=3 81 0.0 0.0 
AXL/I/C=4 36 0.1 0.0 
AXL/I/C=5 8 0.1 0.0 
C.V. (%) 2.2 4.6 
*, **Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
OLE LEN Lie 
6.6* 17.0** 1.1* 
5.7** 3.6** 1.7** 
4.7** 1.0 3.4** 
12.7** 6.2** 4.2** 
0.0 0.0 0.0 
5.6 4.3 2.2 
11.2** 7.9** 4.3** 
11.5** 4.8 4.7** 
20.1** 7.0 4.9** 
51.6** 12.7** 2.1** 
4.2** 3.1** 1.1** 
2.4** 3.1** 1.4** 
4.2** 3.1** 1.2** 
3.7** 2.5** 1.1** 
4.2** 3.1** 1.3** 
6.6** 4.6** 0.8** 
1.7 1.0 0.2 
1.2 0.9 0.2 
0.3 0.5 0.1 
1.1 0.8 0.2 
0.0 0.0 0.0 
0.4 0.3 0.1 
1.4 0.8 0.2 
1.1 0.8 0.2 
1.5 1.2 0.1 
0.0 0.0 0.0 
1.2 1.0 0.2 
0.5 0.6 0.1 
0.9 0.7 0.2 
1.4 1.1 0.2 
1.0 0.8 0.2 
1.9 1.5 0.3 
1.3 0.4 0.2 
5.7 1.7 4.7 
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Table 18. Means and standard errors for the parents and 
locus classes of Cross 1 averaged over 
environments 
Parents 
and locus 
classes YLD MAT 1.D6 HT VIN 
A80-244036 4103 ± 114 19 ± 1 3.1 ± 0.1 102 ± 1 1.2 ± 0.1 
0 3134 ± 38 24 ± 1 4.1 ± 0.0 115 ± 2 2.9 ± 0.1 
1 2963 ± 57 27 ± 1 4.3 ± 0.0 120 ± 2 3.3 ± 0.1 
2 2906 ± 55 28 ± 1 4.6 ± 0.0 131 ± 2 3.7 ± 0.0 
3 2902 ± 56 27 ± 1 4.7 ± 0.0 135 ± 3 3.9 ± 0.0 
4 2811 ± 95 30 ± 2 4.8 ± 0.0 149 ± 4 4.3 ± 0.0 
5 2697 ± 133 32 ± 1 4.9 ± 0.0 163 ± 6 4.3 ± 0.1 
PI 326581 247 ± 58 22 ± 1 5.0 ± 0.0 151 ± 4 5.0 ± 0.0 
Parents 
and locus 
classes PLT PROT OIL PALM 
A&0-244036 
0 
1 
2 
3 
4 
5 
PI 326581 
1.2 ± 0.1 
3.6 ± 0.1 
3.8 ± 0.1 
4.5 ± 0.1 
4.7 ± 0.1 
4.9 ± 0.1 
5.0 ± 0.0 
5.0 ± 0.0 
36.9 ± 0.2 
39.4 ± 0.1 
39.6 ± 0.2 
39.3 ± 0.2 
39.2 ± 0.1 
39.3 ± 0.2 
39.5 ± 0.2 
49.5 ± 0.2 
21.0 ± 0.1 
19.5 ± 0.1 
19.2 ± 0.1 
19.1 ± 0.1 
19.3 ± 0.1 
19.0 ± 0.1 
18.7 ± 0.2 
8.8 ± 0.3 
10.7 ± 0.1 
10.4 ± 0.0 
10.4 ± 0.1 
10.4 ± 0.0 
10.3 ± 0.1 
10.4 ± 0.1 
10.3 ± 0.1 
9.6 ± 0.1 
Parents 
and locus 
classes STE OLE LEN Lie 
A80-244036 
0 
1 
2 
3 
4 
5 
PI 326581 
4.1 ± 0.1 
4.1 ± 0.0 
4.1 ± 0.1 
4.0 ± 0.0 
4.0 ± 0.1 
4.0 ± 0.0 
4.1 ± 0.1 
2.9 ± 0.1 
19.5 ± 0.3 
19.1 ± 0.2 
19.2 ± 0.2 
19.5 ± 0.1 
19.3 ± 0.2 
19.2 ± 0.4 
19.7 ± 0.4 
10.3 ± 0.2 
56.3 ± 0.5 
56.2 ± 0.2 
56.3 ± 0.2 
56.0 ± 0.1 
56.3 ± 0.3 
56.0 ± 0.5 
55.2 ± 0.4 
57.5 ± 0.2 
9.5 ± 0.2 
10.1 ± 0.1 
10.0 ± 0.1 
10.1 ± 0.1 
10.2 ± 0.1 
10.4 ± 0.2 
10.6 ± 0.4 
19.6 ± 0.5 
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Table 19. Means and standard errors for the parents and 
locus classes of Cross 2 averaged over 
environments 
Parents 
and locus 
classes YLD MAT LDG HT VIN 
A81-157007 3894 ± 152 19 ± 1 2.0 ± 0.1 110 ± 2 1.0 ± 0.0 
0 2488 ± 94 24 ± 2 4.1 ± 0.1 120 ± 5 3.4 ± 0.1 
1 2222 ± 57 22 ± 1 4.1 ± 0.1 119 ± 3 3.2 ± 0.1 
2 2203 ± 37 20 ± 1 4.0 ± 0.1 114 ± 2 3.3 ± 0.1 
3 2184 ± 38 24 ± 1 4.0 ± 0.1 118 ± 2 3.3 ± 0.1 
4 2241 ± 55 18 ± 1 3.8 ± 0.1 101 ± 2 3.1 ± 0.1 
5 2545 ± 95 15 ± 1 4.0 ± 0.1 121 ± 4 3.4 ± 0.2 
PI 342618A 323 ± 53 27 ± 1 5.0 ± 0.0 176 ± 5 5.0 ± 0.0 
Parents 
and locus 
classes PLT PROT OIL PALM 
A8J.-157007 
0 
1 
2 
3 
4 
5 
PI 342618A 
1.0 ± 0.0 
4.0 ± 0.1 
3.9 ± 0.1 
4.0 ± 0.1 
3.9 ± 0.1 
3.7 ± 0.1 
4.0 ± 0.2 
5.0 ± 0.0 
39.2 ± 0.3 
43.4 ± 0.3 
43.5 ± 0.2 
43.6 ± 0.1 
43.7 ± 0.1 
43.9 ± 0.1 
42.6 ± 0.3 
47.9 ± 0.2 
20.2 ± 0.2 
16.8 ± 0.2 
16.7 ± 0.1 
16.6 ± 0.1 
16.4 ± 0.1 
16.6 ± 0.1 
17.7 ± 0.2 
9.8 ± 0.1 
10.5 ± 0.0 
10.7 ± 0.1 
10.7 ± 0.1 
10.6 ± 0.0 
10.6 ± 0.0 
10.6 ± 0.1 
10.6 ± 0.1 
11.1 ± 0.1 
Parents 
and locus 
classes STE OLE LEN Lie 
A81-157007 
0 
1 
2 
3 
4 
5 
PI 342618A 
4.5 ± 0.1 
4.0 ± 0.1 
3.9 ± 0.0 
3.8 ± 0.0 
3.8 ± 0.0 
3.8 ± 0.0 
3.7 ± 0.1 
3.0 ± 0.1 
22.7 ± 0.2 
19.3 ± 0.2 
19.8 ± 0.2 
19.8 ± 0.1 
19.9 ± 0.1 
20.0 ± 0.2 
20.5 ± 0.5 
12.0 ± 0.4 
54.0 ± 0.2 
56.2 ± 0.2 
56.2 ± 0.2 
56.4 ± 0.1 
56.3 ± 0.1 
56.5 ± 0.2 
56.2 ± 0.3 
55.7 ± 0.2 
8.3 ± 0.1 
9.8 ± 0.2 
9.5 ± 0.1 
9.4 ± 0.1 
9.4 ± 0.1 
9.1 ± 0.1 
8.9 ± 0.1 
18.2 ± 0.4 
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Table 20. Partition of the sum of squares for 
locus classes into its linear and 
quadratic regression components for 
Cross 1 
Trait® Locus^ Linear Quadratic R2 (%) 
YLD 1647375 1300559 ** 72253 79.8 
MAT 2702.7 ** 2106.4 ** 5.6 78.0 
LOG 39.8 ** 38.2 ** 1.5 ** 99.7 
HT 93977.6 ** 90471.5 ** 1278.5 * 97.6 
VIN 137.4 ** 132.5 ** 3.0 ** 98.6 
PLT 178.3 ** 167.8 ** 6.3 ** 97.7 
OIL 28.5 ** 14.1 ** 0.0 49.3 
STE 0.3 0.1 0.0 39.6 
OLE 8.0 3.1 0.5 44.7 
Lie 4.9 1.9 * 2.4 87.0 
^Traits included are those that showed 
significant differences for the effects of locus 
classes in at least one population. 
"Sum of squares for locus classes obtained 
from the combined analysis over environments 
(Table 14). 
- *, **Significant at the 0.05 and 0.01 levels 
of probability, respectively. 
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Table 21. Partition of the sum of squares for 
locus classes into its linear and 
quadratic regression components for 
Cross 2. 
Trait^ LOCUS^ Linear Quadratic R2 (%) 
YLD 1836697 * 14405 1635020 ** 90.1 
MAT 7199.1 ** 1384.1 ** 782.2 ** 30.1 
LDG 7.4 * 4.6 * 0.0 62.7 
HT 45853.7 ** 9422.8 ** 164.7 20.9 
VIN 6.1 1.3 0.2 25.7 
PLT 8.6 * 2.8 * 0.5 38.1 
OIL 61.8 ** 0.2 40.9 ** 66.5 
STE 1.3 * 1.0 ** 0.1 83.5 
OLE 23.3 ** 17.7 ** 0.0 75.8 
Lie 16.9 ** 14.1 ** 0.5 85.7 
^Traits included are those that showed 
significant differences for the effects of locus 
classes in at least one population. 
°Sum of squares for locus classes obtained 
from the combined analysis over locations 
(Table 16). 
*, **Significant at the 0.05 and 0.01 levels 
of probability, respectively. 
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Figure 1. Association between seed yield (kg/ha) and locus 
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Figure 2. Association between maturity date (days after 31 
August) and locus classes 
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Figure 4. Association between plant height (cm) and locus 
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Figure 5. Association between vining score and locus classes 
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Figure 7. Association between oil percentage and locus 
classes 
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locus classes 
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The existence of significance for differences among 
locus classes (Tables 14 through 17) and for the regression 
of traits on locus classes (Tables 20 and 21) suggested an 
association between the number of homozygous loci for the G. 
soia alleles and the phenotype of the lines for MAT, LOG, HT, 
PLT, YLD, OIL and LIC. That association, however, was 
population specific for MAT, LDG, HT, and PLT. It showed a 
positive relationship between locus classes and the trait for 
one cross and a negative relationship in the other cross 
(Figures 1, 2, 3, 5, and 10). In Cross 1, lines selected for 
the Gj. max alleles at an increasing number of Isozyme loci 
show a greater resemblance with the Gj. max phenotype than 
lines selected for the G^. soi a alleles for LOG, HT, PLT, YLD, 
OIL (Table 18). For the same traits in Cross 2, however, 
selection for 6^ max alleles at the isozyme loci was not 
effective for recovering the recurrent parent phenotype 
(Table 19). 
Significant differences among isozyme genotypes within 
locus class were observed for MAT, PROT, OIL, OLE, LEN and 
LIC in both crosses, and for LOG, HT, VIN, PLT, YLD, and PALM 
in Cross 2 (Tables 14 through 17). These significant 
differences suggested the existence of association between 
particular isozyme genotypes with specific traits. The 
interaction of environments with isozyme genotypes within 
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locus class showed no significant differences for all traits 
in both crosses. 
The partition of the effects of isozyme genotypes for 
each locus class showed significant differences for PALM and 
LEN in the 1-locus class, STE in the 2-locus class, MAT, OIL, 
OLE, LEN, and Lie in the 3-locus class, and for MAT and LDG 
in the 4-locus class of Cross 1 (Tables 14 and 15). In Cross 
2, significant differences were observed among isozyme 
genotypes in every locus class for LDG and PLT (Tables 16 and 
17). MAT, VIN, OLE, and LIC showed significant differences 
among enzyme genotypes in every locus class, with the 
exception of MAT in the 5-locus class and for VIN, OLE, and 
LIC in the 1-locus class. Significant differences among 
enzyme genotypes were observed also in the 2-, 3-, and 4-
locus classes for HT; in the 1- and 4-locus classes for YLD; 
in the 1- and 2-locus classes for OIL; and in the 2- and 5-
locus classes for LEN. The interaction of environments with 
isozyme genotypes for each locus class showed no significant 
effects for both crosses, except for LDG in the 3-locus 
class, and HT in the 4-locus class of Cross 2 (Tables 14 
through 17). 
Significant differences were observed in the comparison 
among lines within isozyme genotypes within locus class for 
all traits in both crosses. The existence of these 
differences for all traits revealed the presence of variation 
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that was not associated with the isozyme loci. The 
interaction of environments with lines showed significant 
effects only for YLD in both crosses, LDG and HT in Cross l, 
and VIN in Cross 2 (Tables 14 through 17). 
The partition of the effects of lines within isozymes 
genotypes for each locus class showed significant effects 
within the 0-, 1-, 2-, and 3-locus class for all traits in 
Cross 1, except for YLD in the 1- and 3-locus classes and LIC 
in the 3-locus class. Significant effects also were observed 
for MAT and OIL within the 4- and 5-locus classes of Cross 1, 
and for PROT, OLE, LEN, and LIC in the 4-locus class (Tables 
14 and 15). In Cross 2, significant effects were observed 
for the comparison among lines within isozyme genotypes 
within the 0-, 1-, 2-, 3-, and 4-locus classes for all 
traits, except for PROT in the 4-locus class. Only MAT, YLD, 
and STE showed significant effects among lines within the 5-
locus class of Cross 2 (Tables 16 and 17). The interaction 
of environments with lines within isozyme genotypes was 
significant for both crosses in all locus classes for YLD, 
with the exception of the 5-locus class of Cross 1 and the 0-
locus class of Cross 2. The trait HT showed significant 
effects for this interaction within the 0-, 2-, and 3-locus 
classes of Cross 1 and for the 3-locus class of Cross 2. 
Significant effects for this interaction also were observed 
for MAT in the 2- and 3-locus classes of Cross 1, in the 3-
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and 5-locus classes of Cross 2 ,  and for VIN and OIL in the 2-
locus class of Cross 2 (Tables 14 through 17). 
The analysis of variance for the estimation of effects 
of isozyme genotypes showed significant associations of the 
BC2Fi-derived families with every trait in both crosses, 
except for LEN in Cross 2. Significant effects of isozyme 
genotypes were observed for MAT, LOG, HT, VIN, YLD, PROT, 
OIL, and LEN in both crosses, on PLT and STE in Cross 1, and 
on PALM and LIC in Cross 2 (Tables 22 and 23). 
The effects of interaction between two isozyme genotypes 
were significant for VIN, PLT, and PROT in Cross 1 and for 
MAT, HT, VIN, OIL, PALM, OLE, LEN, and LIC in Cross 2. The 
R^ values showed that the contribution of the model to the 
explanation of the total variation among entry means was 
small for YLD and STE in both crosses (21-29%) and greater 
for LDG, VIN, and PLT in both crosses (67-78%) (Tables 22 and 
23). 
The estimation of effects of isozyme genotypes on MAT 
showed significant values for Paml in Cross 1, for Dial and 
for the interaction of Dial with Aco2 and Paml. and for Ap 
and Paml in Cross 2 (Tables 24 and 25). For LDG, significant 
effects were found for Aco2 and Pai in Cross 1 and for the 
interaction of A^ with Paml and MDH in Cross 2. Significant 
effects for the isozyme genotype &E were found for HT in 
Cross 1 and for the interaction of Aco2 with Idhl and Dial in 
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Cross 2. For VIN, the effects of Aco2. Pai. and the 
interactions of Pai with Aco2. Idh2. Parol, and Pam2 were 
significant in Cross 1. 
The effects of Aco2. Pam2. and Pai and the interactions 
of Pai with Aco2. Parol, and Pam2 were significant for PLT in 
Cross 1. In Cross 2, the interaction of ^  with MDH showed 
significant effects on PLT. Significant effects were 
observed in YLD for the isozyme genotypes Idh2. Ap. Pai. and 
the interaction of Idh2 with Aco2 and Pai in Cross 1 (Table 
24). In Cross 2, the interaction of Dial with Parol showed 
significant effects on YLD (Table 25). 
The effects of the isozyme genotypes Idh2 and as 
well as the interaction of Idh2 with Pai were significant for 
PRQT in Cross 1. Isozyme genotype Paro2 and the interactions 
of Aco2 with Idhl and Aco4 with Dial showed significant 
effects in Cross 2. For OIL, the effects of the isozyme 
genotypes Idh2 and &E were significant in Cross 1 (Table 24). 
The effects of Paro2 and MDH, and the interactions of Acq2 
with Idhl. Dial with MDH, and Ag with Parol were significant 
in Cross 2 for OIL (Table 25). 
For the fatty acid composition of the oil in Cross 1, 
significant effects of the isozyroe genotypes Idh2. Ap. and 
Parol were observed for PALM. Idh2 had significant effects on 
LEN and LIC, and the interaction of &E with Parol showed 
significant effects for PALM. The interaction of Aco2 with 
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Table 22. Analysis of variance for the estimation of 
effects of isozyme genotypes in Cross 1 
Mean squares 
Isozymes/ 2-way Int/ 
Trait Families Families Isoz./Fam. Residual R2(%) 
YLD 324673* 432897** 216448 144299 26.1 
MAT 810.1** 228.9** 25.5 47.6 57.6 
LOG 1.7** 0.6** 0.1 0.1 67.4 
HT 5261.3** 1996.2** 336.0 326.9 58.2 
VIN 4.4** 1.5** 0.3* 0.2 70.8 
PLT 7.4** 2.0** 0.5* 0.2 71.2 
PROT 23.9** 5.8** 2.6* 1.3 61.2 
OIL 8.2** 6.4** 0.8 0.8 52.6 
PALM 1.4** 0.1 0.1 0.1 48.9 
STE 0.3** 0.2** 0.1 0.1 29.3 
OLE 18.6** 1.6 0.8 1.0 58.3 
LEN 29.1** 3.3** 1.0 1.0 67.2 
Lie 3.9** 0.7 0.2 0.3 47.5 
*,**Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
Table 23. Analysis of variance for the estimation of 
effects of isozyme genotypes in Cross 2 
Mean squares 
Isozymes/ 2-way Int/ 
Trait Families Families Isoz./Fam. Residual R2(%) 
YLD 1442990* 1118317** 505046 396822 21.1 
MAT 6254.8** 858.4** 152.8* 83.6 62.4 
LDG 47.3** 0.5** 0.3 0.2 78.3 
HT 48417.2** 3403.0** 708.1* 422.9 68.6 
VIN 49.7** 0.8** 0.4* 0.2 77.3 
PLT 69.2** 0.6 0.4 0.4 75.0 
PROT 51.8** 15.0** 3.7 2.5 39.3 
OIL 9.6** 9.0** 3.2* 1.8 29.2 
PALM 1.4** 0.7** 0.3* 0.2 30.0 
STE 0.9** 0.1 0.2 0.1 23.4 
OLE 23.4** 3.2 9.4** 2.0 40.0 
LEN 0.5 5.2** 3.9** 1.5 26.0 
Lie 14.4** 3.0** 1.7** 0.5 46.7 
*, **Significant at the 0.05 and 0.01 level of 
probability, respectively. 
Table 24. Estimation of effects of isozyme genotypes 
and their interactions for Cross 1 
Isozyme® 
Genotypes YLD MAT LDG HT VIN PLT 
1 -190 0.3 0.3** 11.0 0.3* 0.6** 
2 -399* 2.7 0.0 8.9 0.3 0.1 
3 304* -1.7 -0.1 -14.6* -0.3 -0.3 
4 57 5.2* 0.0 10.1 0.2 0.0 
5 0 -2.6 0.2 -5.1 0.2 0.4* 
6 -323* -0.9 0.3** 6.9 0.7** 0.7** 
12 -1462** -1.5 0.1 6.9 0.4 0.4 
13 133 0.7 -0.2 0.4 0.1 —0.2 
14 19 4.1 0.0 9.4 0.1 0.0 
15 0 -4.6 0.1 -2.0 0.0 0.0 
16 266 -0.1 -0.2 -1.2 -0.3* -0.4* 
26 456* 0.1 0.0 -11.1 -0.7** -0.4 
34 -322 -1.6 0.0 0.8 0.1 0.3 
35 -324 1.6 0.1 14.0 0.2 0.1 
36 -209 -1.0 0.2 11.2 0.2 0.3 
45 57 2.0 0.1 8.2 0.2 0.2 
46 132 -1.7 -0.2 -13.2 -0.5** -0.5* 
56 285 1.2 -0.2 -12.8 -0.5** -0.7** 
. - ^Isozyme genotypes; 1 = homozygous for Aco2 
allele, 2 = homozygous for Idh2 allele, 3 = 
homozygous for allele, 4 = homozygous for Poml 
allele, 5 = homozygous for Pcrm2 allele, and 6 = 
homozygous for Pai allele. The numbers designate 
genotypes that are homozygous for the PI 326581 allele 
at each of the loci indicated. 
, Significant at the 0.05 and 0.01 level of 
probability, respectively. 
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Table 25. Estimation of effects of isozyme genotypes 
and their interactions for Cross 2 
Isozyme^ 
Genotypes YLD MAT LD6 HT VIN PLT 
1 -57 1.3 0.0 -1.9 -0.1 0.0 
2 418 0.3 0.1 2.6 -0.1 0.0 
3 -76 -4.3 0.0 -9.0 0.1 0.1 
4 -228 -5.5* -0.1 -5.3 -0.1 0.0 
5 -494 -2.0 -0.2 0.9 0.1 -0.1 
6 -399 6.0 —0.2 5.1 -0.2 -0.2 
7 -56 -0.7 0.0 -2.4 0.1 0.1 
8 398 -6.4 -0.1 -7.6 -0.1 0.0 
12 -608 7.6 -0.2 -22.6 —0.2 -0.5 
13 -95 5.9 -0.0 17.7* 0.2 0.0 
14 -55 -6.7* 0.0 -14.3* -0.1 -0.1 
16 225 -5.2 0.1 -0.8 0.2 0.2 
17 0 -0.9 0.0 6.3 0.1 0.1 
23 -437 -1.8 -0.4 -15.1 -0.4 -0.4 
24 152 1.4 0.0 -2.0 -0.1 -0.2 
25 -228 -2.5 -0.0 -2.4 -0.1 0.0 
26 76 0.7 0.2 13.4 0.4 0.5 
27 -513 2.2 0.0 -3.7 0.2 0.4 
28 -627 -1.2 -0.2 1.0 0.1 -0.2 
34 285 4.2 0.0 2.1 -0.0 -0.0 
- 36 171 2.6 0.2 10.6 0.3 0.3 
37 -171 —1.3 0.0 2.4 0.0 -0.1 
38 570 4.9 0.2 19.8 -0.2 -0.1 
45 152 -1.4 -0.2 -6.9 0.1 0.1 
46 342* -5.4* 0.0 -9.0 0.1 0.0 
47 -209 -1.0 0.0 1.0 -0.1 0.0 
48 -341 3.5 0.3 4.1 0.2 0.3 
56 475 10.9** 0.5* 16.1 0.4 0.2 
57 170 3.6 0.3 2.4 -0.1 0.1 
58 266 8.2 0.6** 6.6 0.3 0.7* 
67 208 -0.7 0.0 -8.1 -0.2 —0.2 
68 151 2.5 0.2 2.1 0.2 0.2 
^Isozyme genotypes, l = Homozygous for the Acq2 
allele, 2 = homozygous for the Aco4 allele, 3 = 
homozygous for the Idhl allele, 4 = homozygous for the 
Dial allele, 5 = homozygous for the ^  allele, 6 = 
homozygous for the Poml allele, 7 = homozygous for the 
Pam2 allele, and 8 = homozygous for the MDH allele. 
The numbers designate genotypes that are homozygous 
for PI 342618A alleles at each of the loci indicated. 
, Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Pai showed significant effects for OLE (Table 24). 
In Cross 2 ,  significant effects were observed for Aco2. 
and the interactions of Aco2 with Dial and Idhl with MDH for 
PALM. Significant effects were observed for isozyme geno­
type Pam2 and the interactions of Pcnn2 with Aco2. Aco4. and 
Idhl for STE. For OLE, significant effects were observed for 
isozyme genotypes Dial and Pam2. and the interactions of Aco2 
with Pqm2. Dial with Aco2. Aco4. Paml and Pam2. Idhl with 
MDH, and ^  with Pcrml and MDH. Isozyme genotypes Pam2 and 
the interactions of Aco2 with Dial and Pam2. MDH with Idhl 
and &E, and Dial and Pcrml showed significant effects on LEN. 
Significant effects also were observed for isozyme genotypes 
Idhl and Dial and the interactions of Aco2 with Idhl and 
Pam2. Dial with Aco4. Idhl. and Pcnn2. and ^  with MDH for LIC 
(Table 25). 
The effect of Pcrml on MAT was observed in both crosses. 
All other associations of isozyme genotypes with the traits 
were specific for each population, either because the Isozyme 
genotypes were present in only one population or because the 
effects of the isozyme genotypes were not consistent across 
populations. 
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DISCUSSION 
Significant associations were found between the number 
of isozyme loci homozygous for Gj. soi a alleles and the 
expression of several quantitative traits in both populations 
studied. Selection for number of isozyme loci homozygous for 
G. max alleles in Cross 1 was effective for recovering the 
phenotype of the recurrent parent for LDG, HT, PLT, YLD, and 
OIL. For Cross 2, selection for max alleles at isozyme 
loci was not effective for recovering the recurrent parent 
phenotypeÏ The inconsistent associations of the quantitative 
traits with locus classes over populations will limit their 
application to plant improvement to specific populations. 
Graef (1988), using the same populations as those used 
in my study, found that selection for G^ max alleles at 
isozyme loci was effective for recovering the recurrent 
parent phenotype for LDG, HT, VIN, and PLT. His observations 
were consistent with those obtained for Cross 1 in my 
experiment for LDG, HT, and PLT. For Cross 2, selection for 
G. max alleles at isozyme loci was not effective in my 
experiment for recovering the recurrent parent phenotype. 
The inconsistency of results between the experiments may have 
been due to differences in the lines used for the studies or 
to the interaction of the lines with environments. Graef 
evaluated more lines than those included in my experiment. 
104 
His experiment was planted in a different year and at a later 
date (4 June) than my experiment. 
The usefulness of selection for quantitative traits 
based of marker loci depends on the number of QTL that are 
linked to the markers and on the amount of recombination 
between the marker genes and the QTL. In this study, six 
isozyme markers were selected in Cross 1 and eight markers in 
Cross 2. The linkage data reported by Griffin and Palmer 
(1987a, b; 1989) and by Palmer and Kilen (1987) have shown 
that the isozyme loci used in my study are independent of 
each other. Therefore, a maximum of six or eight of the 20 
linkage groups in soybean were marked in this study. An 
increase in the number of markers will amplify the 
effectiveness of this selection scheme by extending the 
number of QTL linked to the markers, as well as reducing the 
distance between the markers and the QTL. 
The amount of recombination between parents may be an 
important factor to consider in interspecific crosses. Rick 
(1969) observed deviations from expected segregation ratios 
in interspecific crosses of tomato. He proposed the 
hypothesis that the frequency of crossing over had been 
repatterned to be high in some parts of the genome, but low 
in others. 
In soybean. Griffin and Palmer (1989) reported two 
different estimates of recombination between the Spl and Aco3 
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loci. The estimate from a cross between Gj. max and G^. soi a 
(A1937 X PI 342622A) was 4.6 ± 0.9%, While the estimate from 
a 6a. max x max cross was 30.6 ± 3.0%. They cited the 
possibility of cryptic structural heterogeneity between the 
G. max and the Gj. sola accessions affecting the frequency of 
recombination. In a later report. Palmer et al. (1987) 
reported that PI 342622A had a chromosome interchange, as 
evidenced by pollen and ovule sterility. This translocation 
would account for the difference in the estimates of 
recombination if either the locus SpI or Aco3 are linked to 
the point of exchange. 
The Gj. SOT a line used in Cross 2, PI 342618A, also has a 
chromosome interchange (Palmer et al., 1987) . This 
translocation may have prevented recombination in part of the 
genome, while increasing recombination in other regions, as 
proposed by Rick (1969) for tomato. If that was the case, 
recombination between other chromosomes than the pair that 
had the interchange would be enhanced. If the lack of 
association between locus classes and the traits studied in 
Cross 2 is due to an excess of recombination between the 
isozyme markers and the QTL, the results obtained with Cross 
1 may apply for interspecific crosses of soybean with G^. soi a 
accessions that do not show evidence of carrying a 
chromosomal interchange in their genome. 
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The proportion of particular isozyme genotypes 
associated with specific quantitative traits was similar for 
both populations studied (13.2% for Cross 1 and 11.5% for 
Cross 2). The similar proportions do not support the 
hypothesis of an excess of recombination in Cross 2. A 
simpler explanation of the inconsistency of the association 
of locus classes with quantitative traits across populations 
would be that the QTL not marked by the isozyme loci in Cross 
2 have larger effects on the traits than the ones that are 
marked. 
Significant associations were found between particular 
isozyme genotypes and every quantitative trait analyzed. 
Graef (1988) has determined those associations to be due to 
linkage between the marker loci and the QTL rather than to 
pleiotropy of the marker loci. The relationships were found 
to be specific for each population in most cases. Some of 
the associations were observed only in one cross because the 
markers were not present in the other population studied. 
Such was the case for marker loci Idhl and Pai for Cross 1 
and Aco4. Idh2. Dial, and MDH for cross 2. It cannot be 
determined with my experiment whether associations between 
these loci and the traits evaluated apply to other crosses or 
are specific for the population in which they were observed. 
The association of maturity with isozyme locus Paml was 
consistent over populations, and was also reported by Graef 
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(1988). The estimated effect of the genes linked to the 
locus Paml was a delay in maturity of 6 ± 3.4 days. 
Rennie et al. (1988) reported the linkage of the Idh2 
locus with the Fan locus. The effect of the Fan locus is to 
reduce the proportion of linolenic acid by approximately 4% 
in the mutant line C1640 (Rennie et al., 1988; Wilcox, 1985). 
In my study, a significant association also was observed for 
Lie with the marker Idh2 in Cross 1, but it may be the result 
of other QTL linked to the marker. 
The percentage of variation accounted for by the model 
of estimation (R^) varied according to the heritability of 
the trait considered, being high (up to 78%) for traits that 
usually show high heritability, such as MAT, LDG, and VIN, 
and. low (up to 21%) for traits that usually have low 
heritability such as YLD. 
The amount of variation explained by interaction among 
isozyme loci, although significant for some traits, was 
generally much lower than the variation accounted for by main 
effects of the markers. The estimates of interaction were 
inconsistent across populations. There seems to be little 
evidence, therefore, that digenic epistasis is an important 
source of variation, at least for the range of markers and 
traits evaluated. Edwards et al. (1987) also found that 
digenic epistasis was not an important source of variation 
for quantitative traits in corn. 
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SUMMARY AND CONCLUSIONS 
Two backcross populations originating from interspecific 
crosses between Glycine max (L.) Merr. and G^. soi a Sieb. and 
Zucc. were used to study the association between isozyme 
marker loci and quantitative traits. The two species differ 
widely for many morphological characters and have different 
alleles at several isozyme loci. The Gj. max parents were 
high yielding experimental lines from the soybean breeding 
project at Iowa State University, and the Gj. soi a parents 
were plant introductions from the U.S.S.R. The parents 
possessed different alleles at six isozyme loci for Cross 1 
(A80-244036 x PI 326581): Aco2. Idh2. Ap. Poml. Pgm2, and 
Pai. The parents of Cross 2 (A81-157007 x PI 342618A) 
differed for alleles at eight isozyme loci: Aco2. Aco4. Idhl. 
Dial. Ap, Poml. Pcfm2. and MDH. BC2F4.g lines selected for 
their isozyme genotypes were evaluated in replicated tests. 
The objectives were (1) to examine the relationship between 
performance of soybean lines for quantitative traits and the 
number of homozygous isozyme alleles from G&, soi a that they 
possess; and (2) to determine if individual marker loci are 
associated to specific quantitative traits. A total of 480 
lines from the two crosses were grown at two environments in 
a randomized complete block design with two replications at 
each environment. Lines were evaluated for maturity (MAT), 
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lodging (LD6), height (HT), vining (VIN), plant type (PLT), 
seed yield (YLD), and percentage of protein (PROT), oil 
(OIL), palmitic acid (PALM), stearic acid (STE), oleic acid 
(OLE), linoleic acid (LEN), and linolenic acid (LIC). Lines 
were grouped in locus classes according to the number of loci 
homozygous for the 6^. soi a alleles they possessed. Within 
each locus class, different isozyme genotypes were included, 
each represented by five random lines. 
Associations were found between the number of isozyme 
loci homozygous for the Gj_ soi a alleles and several 
quantitative traits in both populations studied. Those 
associations, however, were found to be inconsistent between 
the populations, which limits their usefulness for selection 
in a soybean breeding program. 
In this study, a maximum of six or eight of the 20 
linkage groups in soybean were marked. An increase in the 
number of markers should increase the effectiveness of this 
selection scheme. 
Significant associations were found between individual 
isozyme genotypes and every quantitative trait analyzed, 
however, the relationships were generally population 
specific. Graef (1988), using the same populations, had 
determined the associations to be due to linkage between the 
marker loci and the quantitative traits rather than to 
pleiotropy of the marker. The association of maturity with 
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isozyme locus Pcnnl was consistent over populations, as was 
reported by Graef (1988). The estimated effect of the genes 
linked to the locus Pcnnl was a delay in maturity of 6 ± 3.4 
days. 
Ill 
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APPENDIX 
Table A.l. Means and standard errors for isozyme 
genotypes of cross 1 in environment 1 
Entry YLD MAT LDG HT 
ll 0.13 ± 0.03 23 ± 0 5.0 ± 0.0 149 ± 4 
2 2.11 ± 0.06 19 ± 0 3.1 ± 0.1 101 ± 1 
3 1.73 ± 0.08 20 ± 2 4.4 ± 0.1 104 ± 6 
4 1.66 ± 0.08 25 ± 2 4.6 ± 0.1 112 ± 7 
5 1.76 ± 0.06 15 ± 1 3.6 ± 0.2 94 ± 2 
6 1.70 ± 0.08 29 ± 1 4.4 ± 0.1 129 ± 4 
7 1.83 ± 0.10 34 ± 2 4.7 ± 0.1 168 ± 8 
8 1.89 ± 0.11 31 ± 3 4.1 ± 0.1 132 ± 9 
9 1.89 ± 0.08 17 ± 1 3.6 ± 0.1 103 ± 3 
10 1.82 ± 0.05 30 ± 2 4.2 ± 0.1 123 ± 7 
11 1.81 ± 0.07 30 ± 3 3.9 ± 0.1 123 ± 6 
12 1.34 ± 0.16 11 ± 2 4.2 ± 0.1 94 ± 4 
13 1.59 ± 0.11 22 ± 3 4.5 ± 0.1 119 ± 8 
14 1.68 ± Q.06 26 ± 2 4.3 ± 0.1 124 ± 13 
15 1.61 ± 0.12 27 ± 3 4.3 ± 0.1 119 ± 8 
16 1.80 ± 6.12 35 ± 1 4.3 ± 0.1 134 ± 4 
17 1.40 ± 0.12 23 ± 3 4.5 ± 0.1 121 ± 6 
18 1.71 ± 0.09 31 ± 3 4.4 ± 0.1 135 ± 10 
19 1.26 ± 0.15 25 ± 3 4.8 ± 0.1 143 ± 7 
20 2.04 ± 0.06 29 ± 2 4.5 ± 0.1 130 ± 10 
21. 1.75 ± 0.19 38 ± 1 4.6 ± 0.0 171 ± 10 
22 1.53 ± 0.11 23 ± 4 4.8 ± 0.1 138 ± 10 
23 1.49 ± 0.08 23 ± 3 4.5 ± 0.1 120 ± 12 
24 1.65 ± 0.05 26 ± 3 4.2 ± 0.1 124 ± 8 
25 1.73 ± 0.10 30 ± 0 4.7 ± 0.0 140 ± 6 
26 1.55 ± 0.07 19 ± 3 4.8 ± 0.1 114 ± 10 
27 2.02 ± 0.10 36 ± 1 4.5 ± 0.1 151 ± 10 
28 1.52 ± 0.16 30 ± 5 4.7 ± 0.1 145 ± 12 
29 1.82 ± 0.05 30 ± 2 4.5 ± 0.1 126 ± 11 
30 1.64 ± 0.10 24 ± 1 4.9 ± 0.1 131 ± 7 
31 1.76 ± 0.11 37 ± 1 4.6 ± 0.0 151 ± 8 
32 1.67 ± 0.11 27 ± 3 4.6 ± 0.2 143 ± 11 
33 1.67 ± 0.11 28 ± 2 4.8 ± 0.1 173 ± 7 
34 1.81 ± 0.10 35 ± 1 4.6 ± 0.0 148 ± 6 
35 1.58 ± 0.13 13 ± 2 4,7 ± 0.1 102 ± 5 
36 1.65 ± 0.10 37 ± 1 4.7 ± 0.0 162 ± 9 
37 1.64 ± 0.09 25 ± 3 4.9 ± 0.0 150 ± 11 
38 1.57 ± 0.07 33 ± 2 4.9 ± 0.1 168 ± 11 
39 2.17 ± 0.08 20 ± 0 2.2 ± 0.2 95 ± 2 
40 2.18 ± 0.08 33 ± 1 2.0 ± 0.1 129 ± 2 
^ See Table 1 for the genotypes corresponding to each 
entry. 
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Table A.2. Means and standard errors for isozyme 
genotypes of cross 1 in environment 2 
Entry YLD MAT LD6 HT 
0.13 ± 0.03 21 ± 0 5.0 ± 0.0 152 ± 3 
2 2.21 ± 0.06 18 ± 1 3.1 ± 0.1 104 ± 1 
3 1.54 ± 0.12 19 ± 2 4.3 ± 0.1 104 ± 3 
4 1.39 ± 0.06 24 ± 1 4.5 ± 0.0 100 ± 5 
5 1.47 ± 0.05 14 ± 1 3.5 ± 0.2 92 ± 3 
6 1.69 ± 0.07 28 ± 2 4.3 ± 0.1 127 ± 5 
7 1.28 ± 0.07 32 ± 2 4.7 ± 0.0 144 ± 7 
8 1.63 ± 0.09 32 ± 3 4.0 ± 0.1 111 ± 3 
9 1.76 ± 0.05 17 ± 1 3.7 ± 0.2 108 ± 2 
10 1.67 ± 0.05 31 ± 2 4.1 ± 0.1 122 ± 8 
11 1.77 ± 0.04 29 ± 3 3.9 ± 0.1 112 ± 3 
12 1.34 ± 0.10 13 ± 2 4.1 ± 0.2 92 ± 4 
13 1.53 ± 0.13 23 ± 3 4.4 ± 0.2 108 ± 4 
14 1.31 ± 0.11 26 ± 3 4.1 ± 0.2 116 ± 8 
15 1.64 ± 0.08 25 ± 3 4.3 ± 0.2 110 ± 6 
16 1.46 ± 0.12 34 ± 2 4.2 ± 0.2 119 ± 3 
17 1.54 ± 0.09 22 ± 3 4.5 ± 0.1 114 ± 5 
18 1.41 ± 0.08 30 ± 3 4.4 ± 0.2 125 ± 10 
19 1.07 ± 0.09 22 ± 3 4.7 ± 0.1 134 ± 8 
20 1.44 ± 0.08 27 ± 2 4.6 ± 0.1 123 ± 5 
2-1 1.45 ± 0.13 37 ± 1 4.7 ± 0.1 161 ± 10 
22 1.33 ± 0.07 23 ± 3 4.6 ± 0.1 145 ± 10 
23 1.25 ± 0.07 24 ± 3 4.5 ± 0.1 103 ± 6 
24 1.58 ± 0.08 25 ± 3 4.1 ± 0.2 115 ± 5 
25 1.53 ± 0.08 29 ± 1 4.6 ± 0.0 119 ± 7 
26 1.51 ± 0.08 20 ± 3 4.6 ± 0.1 122 ± 6 
27 1.45 ± 0.11 35 ± 1 4.6 ± 0.1 126 ± 8 
28 1.50 ± 0.09 30 ± 5 4.5 ± 0.2 128 ± 9 
29 1.31 ± 0.09 29 ± 3 4.5 ± 0.1 120 ± 6 
30 1.31 ± 0.05 24 ± 1 4.8 ± 0.1 120 ± 7 
31 1.57 ± 0.11 36 ± 1 4.7 ± 0.1 141 ± 7 
32 1.42 ± 0.07 25 ± 3 4.7 ± 0.1 138 ± 10 
33 1.53 ± 0.07 26 ± 2 4.7 ± 0.1 135 ± 5 
34 1.41 ± 0.05 34 ± 2 4.6 ± 0.1 130 ± 7 
35 1.32 ± 0.07 14 ± 2 4.7 ± 0.1 113 ± 7 
36 1.31 ± 0.05 36 ± 1 4.6 ± 0.1 150 ± 8 
37 1.34 ± 0.09 24 ± 3 4.9 ± 0.0 135 ± 7 
38 1.26 ± 0.11 31 ± 2 4.9 ± 0.0 159 ± 6 
39 2.12 ± 0.07 18 ± 1 2.5 ± 0.1 104 ± 1 
40 1.87 ± 0.08 31 ± 1 1.9 ± 0.1 130 ± 1 
^ See Table 1 for the genotypes corresponding to 
each entry. 
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Table A.3. Means and standard errors for isozyme 
genotypes of cross 2 in environment 2 
Entry YLD MAT LDG HT 
ll 0.14 ± 0.02 28 ± 0 5.0 ± 0.0 173 ± 4 
2 1.85 ± 0.08 17 ± 1 1.7 ± 0.1 107 ± 2 
3 1.43 ± 0.12 30 ± 4 3.8 ± 0.2 115 ± 7 
4 1.07 ± 0.12 7 ± 1 3.7 ± 0.2 84 ± 2 
5 1.17 ± 0.13 35 ± 1 4.7 ± 0.1 163 ± 10 
6 0.92 ± 0.09 30 ± 3 4.6 ± 0.1 139 ± 10 
7 1.27 ± 0.11 22 ± 2 3.7 ± 0.3 115 ± 11 
8 1.31 ± 0.05 29 ± 3 4.5 ± 0.1 126 ± 8 
9 0.86 ± 0.07 16 ± 7 4.1 ± 0.4 124 ± 17 
10 0.75 ± 0.09 3 + 1 2.8 ± 0.3 78 ± 2 
11 0.85 ± 0.11 32 ± 5 4.0 ± 0.3 130 ± 11 
12 1.18 ± 0.11 20 ± 5 3.6 ± 0.2 89 ± 8 
13 1.59 ± 0.10 21 ± 1 4.4 + 0.2 124 ± 10 
14 1.26 ± 0.06 27 ± 4 4.6 ± 0.1 145 ± 13 
15 1.18 ± 0.07 24 ± 3 4.3 ± 0.1 120 ± 7 
16 1.22 ± 0.17 32 ± 3 4.4 ± 0.1 138 ± 8 
17 1.24 ± 0.10 23 ± 3 4.7 ± 0.1 136 ± 13 
18 1.21 ± 0.13 23 ± 3 3.6 ± 0.2 102 ± 12 
19 1.23 ± 0.20 15 ± 4 2.9 ± 0.2 87 ± 4 
20 1.08 ± 0.19 27 ± 6 4.2 ± 0.1 131 ± 11 
2-1 1.17 ± 0.11 12 ± 2 3.4 ± 0.1 83 ± 4 
22 1.31 ± 0.07 16 ± 2 4.0 ± 0.2 112 ± 8 
23 1.14 ± 0.07 18 ± 3 4.2 ± 0.4 110 ± 8 
24 1.13 ± 0.21 29 ± 3 4.5 ± 0.1 139 ± 9 
25 0.94 ± 0.14 17 ± 5 4.6 ± 0.1 118 ± 10 
26 0.95 ± 0.12 1 + 1 2.3 ± 0.3 76 ± 8 
27 1.06 ± 0.16 15 ± 5 4.4 ± 0.1 110 ± 8 
28 1.00 ± 0.08 8 + 3 3.8 ± 0.4 108 ± 12 
29 0.97 ± 0.12 10 ± 2 3.2 ± 0.2 87 ± 4 
30 0.84 ± 0.11 38 ± 3 4.5 ± 0.1 136 ± 8 
31 0.90 ± 0.17 43 ± 1 4.3 ± 0.1 134 ± 5 
32 1.17 ± 0.07 18 ± 3 4.6 ± 0.1 120 ± 6 
33 0.98 ± 0.09 37 ± 1 4.7 ± 0.1 161 ± 8 
34 0.96 ± 0.15 36 ± 3 4.7 ± 0.1 155 ± 7 
35 1.20 ± 0.23 9 + 3 4.4 ± 0.1 118 ± 15 
^ See Table 2 for the genotypes corresponding to 
each entry. 
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Table A.3. Continued 
Entry YLD MAT LD6 HT 
36 1.40 ± 0.04 25 ± 3 4.8 ± 0.1 133 + 9 
37 1.23 ± 0.06 23 ± 3 3.9 ± 0.2 106 + 10 
38 0.64 ± 0.15 34 ± 5 4.2 ± 0.3 139 ± 11 
39 0.94 ± 0.11 4 ± 2 2.9 ± 0.2 70 ± 1 
40 1.66 ± 0.14 25 ± 3 3.7 ± 0.3 130 ± 9 
41 0.84 ± 0.16 7 ± 2 2.8 ± 0.2 69 ± 4 
42 1.10 ± 0.18 16 ± 2 3.1 ± 0.4 92 ± 10 
43 1.14 ± 0.11 38 ± 2 3.5 ± 0.2 121 ± 4 
44 0.78 ± 0.08 6 ± 2 3.0 ± 0.2 80 ± 6 
45 1.06 ± 0.16 22 ± 5 3.2 ± 0.3 92 ± 8 
46 1.37 ± 0.08 29 ± 4 2.9 ± 0.3 113 ± 5 
47 1.13 ± 0.16 36 ± 3 4.5 ± 0.1 151 ± 12 
48 1.09 ± 0.08 24 ± 4 4.5 ± 0.2 137 ± 7 
49 1.21 ± 0.08 30 ± 3 4.7 ± 0.1 153 ± 7 
50 0.96 ± 0.09 4 + 1 3.1 ± 0.2 73 ± 4 
51 1.37 ± 0.06 26 ± 1 4.2 ± 0.2 132 + 6 
52 1.42 ± 0.17 24 ± 2 3.0 ± 0.2 99 ± 5 
53 0.70 ± 0.15 5 ± 1 2.8 + 0.3 70 ± 5 
54 1.02 ± 0.15 12 ± 2 3.0 ± 0.3 70 ± 4 
55 1.17 ± 0.12 38 ± 1 3.9 + 0.2 123 ± 5 
56 1.19 ± 0.06 14 ± 2 4.5 ± 0.1 98 ± 6 
57 1.24 ± 0.09 29 ± 1 4.6 ± 0.2 149 ± 10 
58 0.91 ± 0.09 8 + 1 4.6 ± 0.2 106 ± 5 
59 1.28 ± 0.11 10 ± 2 3.2 ± 0.1 100 ± 3 
60 1.05 ± 0.11 16 ± 3 3.5 ± 0.3 85 ± 4 
61 1.12 ± 0.09 16 ± 2 4.6 ± 0.1 145 ± 9 
62 1.34 ± 0.07 14 ± 1 3.2 ± 0.2 99 ± 3 
63 1.99 ± 0.09 19 ± 1 2.4 ± 0.1 99 ± 1 
64 1.65 ± 0.09 14 ± 1 2.8 ± 0.1 107 ± 3 
65 1.76 ± 0.05 14 + 1 2.0 ± 0.1 102 ± 2 
66 1.86 ± 0.08 18 + 1 3.0 ± 0.1 117 ± 2 
67 2.00 ± 0.06 22 ± 1 2.1 ± 0.1 111 ± 2 
68 1.89 ± 0.05 25 ± 1 1.8 ± 0.1 110 ± 2 
69 2.09 ± 0.06 28 ± 0 1.6 ± 0.1 111 ± 2 
70 2.12 ± 0.07 33 ± 0 1.8 ± 0.1 125 ± 2 
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Table A.4. Means and standard errors for isozyme 
genotypes of cross 2 in environment 2 
Entry YLD MAT LOG HT 
1^ 0.20 ± 0.03 25 + 1 5.0 ± 0.0 179 ± 5 
2 2.24 ± 0.07 20 ± 0 2.3 ± 0.1 111 ± 1 
3 1.47 ± 0.12 30 ± 3 3.9 ± 0.2 115 ± 8 
4 1.40 ± 0.05 7 ± 2 3.5 ± 0.3 90 ± 2 
5 1.30 ± 0.08 34 ± 1 4.8 ± 0.1 151 ± 7 
6 1.13 ± 0.10 30 ± 3 4.7 ± 0.1 138 ± 9 
7 1.53 ± 0.08 24 ± 2 3.9 ± 0.2 127 ± 11 
8 1.20 ± 0.12 29 ± 4 4.7 ± 0.1 126 ± 8 
9 1.09 ± 0.07 17 ± 6 4.4 ± 0.3 138 ± 14 
10 1.09 ± 0.04 5 ± 1 3.1 ± 0.2 84 ± 4 
11 1.13 ± 0.13 33 ± 4 4.3 ± 0.2 137 ± 11 
12 1.52 ± 0.11 20 ± 5 3.7 ± 0.3 102 ± 11 
13 1.43 ± 0.07 22 ± 0 4.7 ± 0.2 134 ± 11 
14 1.18 ± 0.10 27 ± 3 4.6 + 0.1 139 ± 11 
15 1.22 ± 0.07 25 ± 3 4.6 ± 0.1 111 ± 7 
16 1.17 ± 0.14 32 + 2 4.5 + 0.1 144 ± 13 
17 1.20 ± 0.11 25 ± 2 4.6 ± 0.1 124 ± 7 
18 1.51 ± 0.05 22 + 3 3.8 ± 0.3 108 ± 10 
19 1.43 ± 0.14 17 ± 4 3.4 ± 0.2 92 ± 5 
20 1.35 ± 0.20 28 ± 5 4.2 ± 0.3 126 ± 12 
2-1 1.39 ± 0.08 13 ± 2 3.8 ± 0.2 87 ± 2 
22 1.38 ± 0.10 16 ± 2 4.1 ± 0.2 110 ± 9 
23 1.18 ± 0.07 19 ± 3 4.3 ± 0.4 105 ± 8 
24 1.27 ± 0.18 28 ± 3 4.7 ± 0.1 142 ± 11 
25 1.09 ± 0.17 15 ± 4 4.8 ± 0.2 128 ± 10 
26 1.00 ± 0.19 5 + 1 2.4 ± 0.3 79 ± 6 
27 1.20 ± 0.11 16 ± 5 4.5 ± 0.1 107 ± 5 
28 0.88 ± 0.15 9 + 2 3.9 ± 0.4 106 ± 11 
29 1.13 ± 0.08 11 + 2 3.3 ± 0.1 86 ± 3 
30 0.94 ± 0.11 37 ± 2 4.6 ± 0.1 135 ± 8 
31 0.97 ± 0.16 42 ± 1 4.6 ± 0.1 133 ± 6 
32 1.19 ± 0.09 17 ± 3 4.6 ± 0.1 119 ± 5 
33 1.15 ± 0.10 36 ± 1 4.8 + 0.1 159 ± 6 
34 1.00 ± 0.13 36 ± 2 4.9 ± 0.1 173 ± 7 
35 1.04 ± 0.11 11 ± 3 4.7 ± 0.1 117 ± 9 
^ See Table 2 for the genotypes corresponding to 
each entry. 
•  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • a  
OOOOtOOU30^iUVO(Jl^U>HUlCTtCTlOO(J1(JlUJOU)VD>JWHit5>if^Hi^^<jJl-' 
1+ 1+ 1+ 1+ 1+ 1+ 1+ H- 1+ 1+ 1+ 1+ 1+ 1+ H- 1+ H- 1+ 1+ 1+ 1+ 1+ H- 1+ 1+ 1+ 1+ H- 1+ H- H- H- H-1+ 1+ H 
% 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  
•  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
OOOOlOOHOHH>(OHMHIOHN>rOtOMI->HtOHtOMHN>i^MUIHi(kMH 
ooooooirkUiu>i->>Jvou>09L>)oaokHoaitkvouiotœ09>JU>oouiotvo^U)*jiUOO 
1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  C +  1 +  H -  1 +  H -  H -  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  H -  1 +  t +  H -  H -  H -  H -  H -
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O  
g 
WW\)M*hJkUimwUI,«kN)NWUIWWk)MWMk)M'I^WWWk)WMI-»,>WW%U 
M V O « s l O O O O O U > t O N ) N) H M V O i ^ U> M ( J I 0 9 U>HitkUtOO \ 0 9 0'^il^(nU>^(AitkN)^ 
1 +  H -  1 +  1 +  1 +  H -  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  J +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  J +  1 +  1 +  H -  H -  H -  H -
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  
MNk)0\W,^^4kWm,(kO:*»~jO\^W^*k*kW*.,*&~jO\WO\U%0\0\W03WMk) 
>Juiuia\ui4^(nui'«]<«]o\(n(n>JUia\>J-^(n(n* s](noauiui * s)>jo\o\(n(n<A>Jovo 
•  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • a  
•tkOoovouiooN)oouiN)ooo>jouio\i>HU>ut->otuia\v0i;a>H>t^(ntovo>ju}Mo^ 
î +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  H -  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  H -  1 +  
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o c  
•  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • a  
o  
H  
i 
o 
H  
M 
H  t o  0\ 
Table A.4. Continued 
Entry YLD MAT LD6 HT 
36 1.40 ± 0.05 25 ± 3 4.7 ± 0.1 147 ± 13 
37 1.33 ± 0.07 22 ± 3 4.1 ± 0.2 106 ± 6 
38 1.12 ± 0.16 33 ± 4 4.3 ± 0.2 136 ± 12 
39 1.07 ± 0.07 6 ± 2 2.8 ± 0.1 76 ± 1 
40 1.61 ± 0.13 26 ± 3 4.1 ± 0.3 119 ± 4 
41 1.19 ± 0.15 10 ± 2 3.1 ± 0.2 75 ± 5 
42 1.30 ± 0.15 18 ± 2 3.3 ± 0.4 94 ± 8 
43 1.23 ± 0.12 38 ± 2 4.0 ± 0.2 128 ± 4 
44 0.98 ± 0.13 8 ± 2 2.7 ± 0.2 79 ± 4 
45 1.14 ± 0.10 22 ± 5 3.4 ± 0.3 96 ± 7 
46 1.51 ± 0.09 28 ± 4 3.5 ± 0.3 123 ± 7 
47 1.26 ± 0.10 35 ± 2 4.6 ± 0.1 144 ± 6 
48 1.13 ± 0.13 25 ± 3 4.7 ± 0.1 134 ± 9 
49 1.18 ± 0.11 28 ± 3 4.9 ± 0.1 140 ± 4 
50 1.06 ± 0.11 5 + 1 3.0 ± 0.3 7 5 + 3  
51 1.21 ± 0.04 26 ± 2 4.2 ± 0.2 126 ± 8 
52 1.53 ± 0.17 24 ± 2 3.3 ± 0.2 102 ± 6 
53 0.81 ± 0.13 6 + 1 3.5 ± 0.2 71 ± 4 
54 1.17 ± 0.07 13 ± 2 3.3 ± 0.3 78 ± 4 
55 1.38 ± 0.04 38 ± 1 4.3 ± 0.1 129 ± 7 
56 1.28 ± 0.10 14 ± 1 4.8 ± 0.1 103 ± 5 
57 1.37 ± 0.07 29 ± 1 4.8 ± 0.1 129 ± 6 
58 1.05 ± 0.13 11 ± 1 4.5 ± 0.1 106 ± 3 
59 1.46 ± 0.06 11 ± 1 3.5 ± 0.1 103 ± 3 
60 1.22 ± 0.10 17 ± 3 3.8 ± 0.2 93 + 6 
61 1.22 ± 0.10 17 ± 3 5.0 ± 0.0 134 ± 7 
62 1.66 ± 0.08 14 ± 1 3.4 ± 0.1 107 ± 2 
63 2.36 ± 0.11 20 ± 0 2.6 ± 0.1 105 ± 1 
64 2.09 ± 0.05 14 ± 1 3.6 ± 0.1 117 ± 2 
65 2.22 ± 0.06 14 ± 0 2.0 ± 0.1 112 ± 1 
66 2.12 ± 0.07 20 ± 0 3.2 ± 0.1 117 ± 1 
67 2.21 ± 0.08 21 ± 0 2.2 ± 0.1 118 ± 2 
68 2.36 ± 0.06 26 ± 1 1.8 ± 0.1 116 ± 1 
69 2.42 ± 0.06 28 ± 1 1.7 ± 0.1 113 ± 1 
70 2.14 ± 0.07 32 ± 1 2.0 ± 0.1 132 ± 1 
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OIL PALM STE OLE LEN Lie 
17.1±0.2 10.610.2 3.910.1 20.210.3 55.810.4 9.510.3 
17.7±0.3 10.810.1 3.710.1 18.410.3 57.410.4 9.710.3 
15.910.5 10.510.1 3.710.1 19.6^0.6 56.410.3 9.710.4 
18.2±0.2 10.810.2 3.910.0 21.910.8 55.210.8 8.210.2 
17.0+0.5 10.410.1 3.910.1 19.510.6 56.210.4 9.910.2 
16.7+0.3 10.810.2 4.010.0 19.210.4 57.010.3 9.010.2 
16.7±0.3 10.410.2 3.810.2 19.910.6 57.1+0.4 8.810.3 
14.3±0.3 10.210.1 3.910.2 20.010.6 55.710.6 10.010.3 
16.6+0.4 10.810.1 3.810.1 20.610.5 56.010.4 8.710.1 
16.7±0.3 10.510.1 3.610.1 19.910.6 56.8+0.5 9.310.3 
16.3+0.2 10.210.2 3.610.1 21.410.5 55.410.3 9.410.4 
16.4+0.4 10.810.1 4.010.1 18.310.3 56.810.3 10.110.2 
16.0±0.2 10.510.1 4.010.1 20.410.3 56.410.3 8.710.3 
17.0±0.2 10.410.1 3.810.1 19.110.2 56.810.3 9.910.2 
16.3±0.3 10.810.1 3.510.1 22.510.7 55.210.6 8.010.2 
15.4±0.2 10.210.0 3.610.0 19.510.3 56.810.4 9.910.3 
16.110.3 10.510.2 3.810.1 20.510.9 55.910.7 9.410.4 
16.4±0.5 11.010.2 3.710.2 20.111.1 56.610.8 8.610.3 
15.810.4 10.810.1 3.610.1 18.110.7 57.810.6 9.710.2 
15.8+0.4 10.210.1 3.9+0.1 18.810.3 56.910.4 10.410.2 
16.810.2 10.910.1 3.910.1 19.410.4 56.710.4 9.110.2 
16-410.2 10.310.1 4.110.1 20.510.4 55.810.4 9.310.1 
17.410.1 11.210.1 4.010.1 20.510.4 56.3+0.5 8.110.1 
18.010.2 10.110.1 3.610.1 23.010.4 55.0+0.4 8.310.2 
16.510.3 10.610.2 3.810.1 19.210.4 57.310.4 9.210.3 
16.510.2 11.010.1 3.910.1 18.910.4 57.010.3 9.210.1 
18.810.2 10.310.1 3.610.1 22.110.4 55.410.2 8.610.2 
21.210.2 10.910.1 4.210.0 20.910.3 54.810.3 9.110.1 
21.110.1 10.510.0 3.810.0 21.810.3 55.810.2 8.010.1 
20.410.1 10.110.0 4.410.1 19.710.2 56.910.2 9.010.1 
20.510.1 10.710.1 3.410.0 22.810.2 55.010.2 8.010.1 
20.010.2 10.410.1 4.510.1 21.410.3 55.610.2 8.010.1 
20.610.1 9.910.1 4.010.0 25.310.5 53.310.5 7.410.1 
19.810.2 10.210.1 4.110.1 22.710.3 54.410.4 8.610.1 
19.710.1 9.610.1 4.010.0 21.610.3 56.110.2 8.710.2 
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Table A.7. Means and standard errors for 
environments of cross 1 
TRAIT 
Environment 
1 
Environment 
2 
Over 
Environments 
YLD 1.68 ± 0.02 1.47 ± 0.02 1.57 ± 0.02 
MAT 27 ± 1 26 ± 1 26 ± 1 
LD6 4.3 ± 0.0 4.3 ± 0.0 4.3 ± 0.0 
HT 131 ± 2 123 ± 1 127 ± 1 
VIN 3.4 ± 0.0 3.3 ± 0.0 3.4 ± 0.0 
PLT 4.0 ± 0.1 4.0 ± 0.1 4.0 ± 0.1 
PROT 39.6 ± 0.1 39.4 ± 0.1 39.5 ± 0.1 
OIL 19.0 ± 0.1 19.3 ± 0.1 19.1 ± 0.1 
PALM 10.4 ± 0.0 10.3 ± 0.0 10.3 ± 0.0 
STE 4.0 ± 0.0 4.1 ± 0.0 4.0 ± 0.0 
OLE 19.0 ± 0.1 19.3 ± 0.1 19.2 ± 0.1 
LEN 55.7 ± 0.1 56.6 ± 0.1 56.1 ± 0.1 
Lie 10.9 ± 0.1 9.7 ± 0.1 10.3 ± 0.1 
Table A.8. Means and standard errors for 
environments of cross 2 
TRAIT 
Environment 
1 
Environment 
2 
Over 
Environments 
MAT ' 21 ± 1 22 ± 1 21 ± 1 
LOG 3.7 ± 0.0 3.9 ± 0.0 3.8 ± 0.0 
HT 114 ± 1 116 ± 1 115 ± 1 
VIN 3.0 ± 0.0 3.1 ± 0.0 3.1 ± 0.0 
PLT 3.5 ± 0.1 3.7 ± 0.1 3.6 ± 0.1 
YLD 1.20 ± 0.02 1.35 ± 0.02 1.28 ± 0.02 
PROT 43.0 ± 0.1 43.0 ± 0.1 43.0 ± 0.1 
OIL 17.0 ± 0.1 17.0 ± 0.1 17.0 ± 0.1 
PALM 10.6 ± 0.0 10.6 ± 0.0 10.6 ± 0.0 
STE 3.9 ± 0.0 3.8 ± 0.0 3.9 ± 0.0 
OLE 20.2 ± 0.1 19.9 ± 0.1 20.1 ± 0.1 
LEN 56.0 ± 0.1 56.3 ± 0.1 56.1 ± 0.1 
Lie 9.4 ± 0.1 9.3 ± 0.1 9.4 ± 0.1 
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